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LLOYD’S REGISTER STAFF ASSOCIATION. 


OPENING MEETING. 


The Opening Meeting of the Session was held in the Board Room 
of the London Office on Wednesday, 7th October, 1925. 


The President, Dr. B. C. Laws, occupied the Chair, and was accompanied on the 
platform by Mr. W. Watt. 


President’s Address. 
GENTLEMEN, 
sefore proceeding to the ordinary business of the evening, I have to refer to the loss this Association 
has sustained by the death of Mr. Gordon, who was an active member of your Committee and had quite 
recently contributed a valuable paper to the proceedings. The Hon. Secretary addressed a letter of 
condolence to Mrs. Gordon on your behalf with which I am sure you will all agree. Mr. Gordon’s paper 
with the discussion will be printed i in the proceedings. 


W e have to discuss this evening a very important paper on the “Stability and Seaworthiness of the 
Collier,” a subject which must be of considerable interest to all members of this Association and to the 
Society. I think it singularly appropriate that this paper should be down for reading at the very beginning 
of this session, and I hope it may elicit a good discussion and be the means of stimulating interest in the 
work of the Association. 

Before calling for the Author to read his paper, I would like to take this opportunity of thanking you 
and others who may not be present for the honour you have done me in asking me to preside at your 
meetings during this session, an honcur which J appreciate very much. I hope the work of the session 
will be of value, and so far as Lam able [ shall do my best to make it a success, 

This Association is as yeb young, but during the short time of its existence some valuable work has 
been accomplished under the guidanc e of two Presidents, both of whom have brought much credit to the 
Association. Mr. Watt by his zeal and energy may be said to have established the initial success of the 
Association, and this has been muntained under the able guidance of Mr. Carnaghan, who has presided 
over your meetings during the last two years—to him, gentlemen, our best thanks are due for his valuable 
services during his period of office. 

I think the Association might feel some satisfaction with the progress that has been made. During 
the five years of its existence matters of paramount importance have been discussed and the proceedings 
containing the papers and discussions will, I believe, form valuable sources of information for reference in 
years to come. 


The Association appreciate fully the support which it receives from the Committee and the Chief 
Ship and ee er who, by their presence and by interposing in the discussions at these 
meet, ings, lenda real help to the proceedings. ‘To Sir Westcott Abell I think it must be specially gratifying 
to sige that the Association which may be said to owe its existance to his efforts, is deve eloping on the 
right lines. 


Very largely, however, continued success is in the hands of the members themselves, who by the 
reading of papers, discussing the papers read by others, or by their presence at the meetings can help to 
maintain the prestige already attained. I, therefore, appeal to all members to do what they can to promote 
the interests of the Association, which, by careful consideration and discussion of the papers presented, aims 
at placing on a firm foundation those principles, technical or otherwise, which must lie at the root of 
the future progress of this Society. 


In some respects we as an Association are at a disadvantage. The various members of the Society’s 
Staff are more or less dispersed throughout the world and only a relatively small number are available for 
attendance at these meetings, but we have many advantages over other institutions whose aims are similar 
to our own. The opportunity afforded by the Committee of holding our meetings here, and of having the 
proceedings printed at a minimum expense to ourselves, is fully appreciated by the Association. The 
running expenses naturally vary from year to year, but where such expenses appear at times to be some- 
what large, we ask the Committee to consider whether this is not outweighed by the influence which our 
deliberations on the various problems discussed must have on the development of the Society’s technical 
interests, 


Many questions of vital importance still remain unanswered. Some of these problems cannot be 
solved by discussion only, but frequently require additional investigation of an experimental nature for 
which the Society at present affords no facility. Such experiments are often of a simple character and 
could be carried out with advantage at a relatively small outlay, and might well form an adjunct to the 
work of this Association. 

At the present time of industrial development when economy in construction is the key to existence 
at all, it is necessary that every available avenue should be searched for improvements in those principles 
which underlie design and construction, and it would seem that no better opportunity can exist than that 
which is afforded by this Association where all matters pertaining to the profession may be discussed freely 
and in the real spirit of comradeship. 


STABILITY AND SEAWORTHINESS OF THE COLLIER. 


By W. Wart. 


READ 71H OctroBER, 1925. 


Five years ago I had the honour of reading a paper before the Association on the subject of the 
stability and seaworthiness of shelter deck vessels, and in the discussion on that paper, it was suggested 
that at some future date I might contribute a similar paper on some other type of ship. In response to 
that suggestion I have taken up the study of the well deck collier, and the results of the investigations 
made are contained in this paper. Although the work was commenced some years ago, the time of 
presentation is particularly opportune in view of the public attention which has been directed to this type, 
owing to the number of ships which have been lost during the past few years. It would appear that the 
subject has not received the attention of builders and owners which it deserves, for very little reliable data 
is available, and it has been necessary to calculate the centre of gravity in detail and to check the 
calculated results from the few cases in which reliable experimental results have been obtained. 

Fourteen cases have been investigated, and from these a standard type has been evolved, and in the 
present paper consideration has been confined to this standard type, realising that it will not be difficult to 
modify the results to suit any departures from the standard. 


STANDARD TYPE. 


The standard type has a long quarter deck, short bridge house and a forecastle ; large hatchways of 
the self-trimming type; a double bottom extending from after peak bulkhead to fore peak bulkhead 
(except in the smallest ship, when ordinary floors are fitted in the engine and boiler spaces); and the 
machinery space is situated aft so as to leave a clear hold space for cargo. 

For the purpose of this paper three ships have been chosen having the following moulded 
dimensions :— 

(@) 180 feet x 28 feet x 18 feet 6 inches ; 
(0) 250 feet x 37 feet x 18 feet ; 
(c) 285 feet x 41 feet 6 inches x 21 feet. 


Profiles of these types are given in Fig. I. The technical data is given in the following table :— 


PROPERTIES OF TYPICAL SHIPS. 


A B B, B. Cc 
beng BP. a ae ie 250 250 250 285 
Breadth, moulded ... ... ... ... 3B 28 37 37 37 41°5 
Depth, moulded to upper deck .... D 13°5 18 19°5 21 21 
Raised quarter deck So oe fee *5L “6L “6L “6L ‘TL 
iE OVOCHSLLC Mma raseima seems st Locsin veer | fect 13L “lL ‘lL euits ‘1L 
Summer moulded draught ... ... 0... 12°66 16°5 Vice 18°9 19:2 
Load displacement... ... ... ... tons) 1,355 3,480 8,750 4,000 4,960 
Lightweight ... ... ... ... .. tons 570 1,110 1,195 1,270 1,770 
Deadwelghtta sc) sss) ccs) cee. 000 tODR 785 2,370 2,555 2,730 3,190 
Length of cross bunker in feet... ... 6 10 10 10 16 
Length of hold in feet ... 00.0 1. ose 108 154 154 154 175 


Continued. 
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PROPERTIES OF TYPICAL SHIPS—continued. 


A B By By Cc 


Cubie capacity of bunkers, holds and 
hatchways to tank top, shell and 40,520 112,830 121,600 129,550 170,670 
deck (condition @) ... 0... 

Cubie capacity of bunkers, holds and : 
hatchways to tank top, shell and 39,050 111,080 119,850 127,800 168,300 
underside of beams ... ... 5... } 

Cubie capacity of bunkers, holds and | 
hatchways to tank top, sparring and 
underside of beams ...0 00. wee | 

Stability in light condition ;— 

K.G, a 


37,680 | 106,680 | 115,100 | 122,600 | 162,000 


Wh cg i rten! Bebe kere cima ar il pt 158 16°4 17:5 | Ke 
RENT POW IE Meee Tht SAE 14°7 21°8 20°9 19°9 20°6 
Geis hates Siete ke eg i Bat | 3°6 65 45 2°4. 2°9 
Stability in condition (a) :— 
BAe POO Tian eetesy WAL neni ee 13°6 14-6 15°6 16°0 
HMO te WES Set BIT tomes 12°2 156 15's 16-0 1a | 
CREE Ong, eas Aad pirat 993 iy 2-0 1°2 “4 I'l 
Max. righting lever... wa, “50 “D6 "25 "02 ms) 
ATPIS ah her eye ee. alee 30° Se 25° 5° pike 
ATG see oars Un aye RENN | 59° 66° 48° 8° 42° 
Stability with no sparring in hold and 
coal trimmed level on surface :— | 
eee candid fata ried ‘> 9°9 13°2 — iets 15-0 
ERE Moan! pss! ect eon tears .T 12°2 156 = — 171 
BU. tht nil) aitdicd< comnito asad BE 24 <#if) Wy omnes 2"1 
Max. righting lever... 0... “19 72 _ —- ‘78 
ADOIGE ire a see tee 5229, noel 35° 38° — _ 28° 
EO a eee i7° a3e — — 63° 


Stability with coal untrimmed in hold, 
but levelled in hatchways :— 


KEG caimotie’. off. nt nscihy oh, aes 10°1 13°4 —_ _ 15 
|S eae Lae nents ud > 12°2 15°6 _— — 17°1 
OMG) ie3sg aor, sac) SE 2°1 2°2 — —_— 2-0 
Max. righting lever... 44... 72 68 = — 75 
Yeti 9 CURT Hie Cue. erie Ammen (nee i i Bye — --- 28° 
Range” SF. Biss Metal ed ce! 64° boo | — | — 60° 


Norre.—The units employed in the above table are feet, cubie feet and tons. 


The displacement and transverse metacentre curves are given in Fig. IL., and the stability curves in 
various conditions are given in Fig. IIT. 
Throughout the paper the following notation is used :— 


L=length on waterline in feet. 

B=moulded breadth in feet, 

D=moulded depth in feet. 

d=moulded draught in feet. 
K.M.=height of transverse metacentre above base line in feet. 
K.G.=height of vertical centre of gravity above base line in feet. 
G.M.=vertical distance between G. and M, in feet, 


Particulars are given of the capacities and stability when carrying homogeneous sargoes filling all 
spaces, including the hatchways; and when carrying coal cargces levelled on the surface, and in the 
* teamed” condition, #.¢., levelled in the hatchways only. 

The stowage of coal has been assumed to be 45 cubic feet per ton. 

When the coal is levelled on the surface from side to side of ship, such surface is 15 inches, 10 inches, 
and 35 inches below the deck in ships A, B and C respectively. 

When the dimensions exceed that of ship © it is found that while the raised quarter deck provides 
reserve buoyancy its internal space is nob required for coal cargoes, and a more suitable type is found in 
the three-island ship with machinery amidships. 


ANGLE OF REPOSE OF COAL. 

Measurements have been taken from 86 heaps of coal to ascertain the angle of repose. This was 
found to vary from 36° to 40°, and in 72 of these samples it varied from 37° to 39°. The angle was 
found to be practically independent of size of coal. Even when large coal “held up” the angle, the effect: 
was only local and did not affect the average. An average of 38° has, therefore, been assumed in these 
investigations. 


ROLLING EXPERIMENTS. 


A fortunate circumstance permitted a series of experiments to be made to test the effect of rolling on 
the stability of coal cargoes. A large wooden hopper measuring 6 fect in length, 10 fect in breadth, and 
6 feet in depth, which had been used for mixing road metal, was employed. Mechanical gear was attached 
for oscillating the hopper through an angle of 30° on each side of the vertical. Unfortunately, the 
apparatus was only available for one day, but the results are interesting. The hopper was filled with 
various grades of coal, varying from “large” coal to peas and beans (“.e., coal capable of passing through a 
mesh of { inch but not } inch), and was loaded to represent cargo trimmed in way of the hatchways only. 
The hopper was then rolled through a gradually increasing angle to the maximum of 30°. 

It was found that the coal began to shift almost immediately at angles varying from 1 to 5 degrees 
according to the grade, the large coal sluggishly, the small coal rapidly, but the final surface angle was 
about 5°, showing that the angle of repose in relation to the angle of inclination remained constant. This 
result is what might have been expected, and shows that when coal is thus stowed, go called shifting of 
cargo is in the majority of cases only settling of cargo, and increases the stability of the ship, rather than 
reduces it, by lowering the centre of gravity, although there was a slight tendency for more coal to settle on 
the side which was first inclined. To test the effect of an initial inclination, weights were fixed on one side 
of the hopper to produce an angle of 10° and the coal was then trimmed as before and the hopper rolled 
through an angle of 30° on each side of the inclined axis. It was found that the movement towards 
the inclined side was greater than the normal by about 5° and was practically normal on the other side. 
This variation was more noticeable when small coal was used. The inclining weights were then moved 
to the opposite side of the hopper and the results were similar. A sudden lurch produced an abnormal 
angle of twice the above, viz., 10°. 

The results as applied to a ship are not fully conclusive, but they throw some light on the shifting of 
coal cargoes. In particular they show that the danger of loss through shifting of cargo is not so great as 
is generally apprehended. 


SHIFTING OF CARGO. 
Suip A. 

If the coal is trimmed absolutely level there will be a space of 15 inches between the deck and the 
coal surface, but if the coal is trimmed in the hatchways only and allowed to assume its angle of repose in 
the wings and between the hatchways, its level in the hatchways will be 10 inches above the deck. This 
has the effect of raising G +2 feet giving a G.M. of 2°1 feet. The worst condition, although an 
extremely improbable one, which could be experienced would be when from some external cause the vessel 
received a sudden heel so that the coai filled one wing. G would move a transverse distance of -22 feet, 
and this would represent an upsetting arm of +22 feet in the upright condition, while at other inclinations 
the reduction in righting arm would vary as the cosine of the angle. As the angle of heel approached 38° 
a further movement will take place in the coal and the vessel would ultimately capsize. 
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Sup B. 


This vessel was developed from one which was originally designed for ore cargoes (ship B 1). The 
distance between the hatchways and from the hatchways to the end bulkheads makes it unsuitable for a 
self-trimming collier, as large spaces would be left under the deck, and without trimming it will not be 
possible to contain a full cargo. The well is also too long. 

For the purpose of this section of the paper it is, therefore, assumed that the two hatchways are each 
60 feet x 22 feet. 

Under the conditions described for ship A the coal in the hatchways will be 15 inches above the deck 
at centre, G will be raised -15 feet, giving a G.M. of 2°2 feet. 

The upsetting arm due to the shifting of the cargo will be 31 feet in the upright condition, the 
reduction in the righting arm at other angles varying as before described. 

As ship B 1 is obviously unsuitable for coal cargoes it is not considered in this paper. Ship B 2 is a 
further variant of the parent ship. 


SHIP C. 


In this case the coal when trimmed only in way of the hatchways will still be 21 inches below the 
deck at centre, and G will be raised one inch only, giving a G.M. of 2°0 feet. 

The upsetting arm due to the shifting of the cargo as previously assumed will be *80 feet, the 
reduction in righting arm at other angles varying as before described. 

The eflect of shifting coal is illustrated in curves ©, Fig. IIT. 


EFFECT OF WATER IN THE WELL. 


Let it be assumed that the well is filled with water and that either the freeing ports are inadequate to 
clear the deck or that the waves break over the forecastle and bulwarks with sufficient frequency to keep 
the well filled to the top of the bulwarks, the quantity of water will depend on the angle of inclination. 
The quantities of water and their effect on the stability of the three typical vessels are given in the 
following table. 


CONDITION. WEIGHT OF WATER. Loss 1n G.M. Loss IN RIGHTING ARM. 
SHIP <A. | 

Upright 42 tons "16 feet — 
10° ZO"? ss — "12 feet 
20° 14 .,, _— 9! ee 
30° ae | — Bie tae 
40° Negligible. = — 

SHIP B. 

Upright 161 tons “40 feet _ 
10° + — 16 feet 
20° vy Te _ 3 bi | sar 
30° Lee _ Hears 
40° YB — 1 

SHIP C. 

Upright 105 tons "20 feet oa 
10° Sls; —_ “11 feet 
20° ye _— O08 inxs 
30° 1h, — 06. 
40° 10 ” Hes “04 ” 


The effect of water in the well is indicated in curves d, Fig. ITI. 
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PARTIALLY FILLED BALLAST TANKS. 


If the ballast tanks be only partly filled with water and the sea connections be closed, the effect is 
that of cargo capable of shifting with the inclination of the vessel. Although the G.M. may be increased 
by this water ballast the righting arm is reduced and may seriously affect the stability of the ship. The 
maximum reduction takes place when the water on the immersed side rises to the top of the margin plate. 
Asssuming one bottom tank to be half filled and the tank to be half the length of the cargo hold, the 
maximum loss in righting arm will be 21 feet in ship A, and °16 feet in ship C. At 80° inclination the 
loss will be 14 feet and *11 feet respectively. ‘This loss in righting arm combined with the loss due to 
water in the well might easily produce a condition when a shift of cargo, a gust of wind on the beam, or 
the rolling of the ship among waves, would cause the vessel to upset. 

The dangerous expedient of filling tanks at sea is not considered here, as such should never be resorted 
to and is never required in a well-designed collier. 


ROLLING AMONG WAVES. 
The period in seconds of a single roll is expressed by the formula 
K 
JM 
where K is the transverse radius of gyration, and 
M is the metacentric height in feet. 


*D54- 


As it is obviously desirable that the period of a single roll be as large as possible, the value of M should 
be kept as low as possible, consistent with ample stability for the contemplated conditions of loading. 
These conditions are fairly constant in the type under consideration, but there is practically no reliable 
data available of actual observations taken at sea, and a similar remark applies to the dimensions and 
periods of the waves encountered in the North Sea, where these vessels are largely employed. Fortunately, 
the dangerous relationship between period of wave and period of roll, should such occur, can be at once 
avoided by an alteration in the course of the ship, and this fact is so well known to the seaman that almost 
by instinct he will apply the obvious remedy and put the helm over. The subject is one which deserves 
the fullest investigation, and demands the co-operation of the seaman and the naval architect. 


INFLUENCE OF FREE WATER IN THE TANKS OR OTHER PARTS OF A SHIP. 


The effect of free water, particularly when such water is unrestricted in its flow from side to side, is too 
well known to require investigation in this paper. Its danger, however, is not so well apprehended by the 
seaman, for evidence in certain cases of loss shows clearly that water has been deliberately run into double 
bottom tanks in order to “improve” the safety of the ship. One case came under my observation some 
years ago. A vessel arrived at a home port with cargo shifted, and the Captain reported that the ship had 
behaved in a most inexplicable manner throughout the voyage. As she had always been considered a good 
sea boat, he was most naturally alarmed. Investigation showed that there was about a foot of water in 
two out of three double bottom tanks. The only mystery then was how she ever managed to reach port. 

In another case all the rivets in the top of a deep tank were found to be either broken or loose, and 
the engineer explained that he could not understand it as he always made a point of leaving 8 feet between 
the surface of the water and the tank top inside to avoid straining the ship. His efforts were not a 
success. 


INFLUENCE OF THE VARIOUS FACTORS ON THE DESIGN OF THE SHIP. 


From a consideration of the various factors which have been discussed, the question naturally arises, 
how far are such conditions likely to be experienced in actual service ? On this question there is likely to 
be some divergence of opinion. With regard to the possibilities of shifting cargo the condition investi- 
gated can only be produced under the influence of other disturbing factors. The natural tendency is for 
the untrimmed coal to settle down gradually under the influence of rolling, and this results in an improve- 
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ment in the resistance to rolling by “winging out” the weights. Even with incompletely filled holds, 
there is little likelihood of dangerous shifting taking place through rolling of the ship. As the angle of 
roll increases the coal surface will tend to become level until the angle of repose is exceeded, when a 
general movement of the coal will take place and the ship will capsize. 

Tn spite of all that has been said about large angles of heel experienced at sea, it can be affirmed that 
no collier ever rolled beyond an angle of 38° and came home to tell the tale. An idea of what this angle 
means may be gathered from Fig. I., which shows a collier inclined to an angle of 30°. It is seldom that 
a ship rolls beyond 15° on each side of the vertical. It may be asked, why then speak about the angle of 
vanishing stability? In my opinion, this information is only useful in so far as it forms a criterion of the 
nature of the curve in the vicinity of 20° to 80° inclination. 

Shifting of cargo is not a prime consideration in the design of a collier. 

With regard to water shipped in the well, this is a consideration which must be taken into account. 
All, but a lucky few sea-going vessels, encounter this condition, and the safety of the vessel depends in 
some measure on the facility with which the water can escape. When the well is long it is problematical 
if it will ever be completely filled or remain filled for any length of time, but even in this condition the 
greatest effect is on the initial stability, for, as will be seen in the case of ship B, 77 per cent. of the water 
has been cleared over the bulwarks by the time the ship has heeled to an angle of-10°, and this neglects 
the water which will escape through the freeing ports and scuppers. 

During the storm in August, 1923, [ watched a small collier from the cliffs at Whitby battling in the 
teeth of the storm, The well was kept completely filled, with water pouring from the freeing ports and 
scuppers, but owing to the course of the ship the angle of roll did not appear to be more than 5° on each 
side, although the danger to the deck openings and the possibilities of water entering the hold were 
considerable. 

The freeboard permitted by the regulations for such vessels is exceedingly small, and the effective 
reserve buoyancy is provided largely by the intact quarter deck, a sound argument for a short well, or, what 
is better, the complete abolition of the well. 

T am aware that in certain small colliers the crew are berthed in a lower forecastle, access to which is 
obtained by a companion protected only by an open topgallant forecastle, so that in such cases no 
apprehension is felt regarding a flooded well, but such vessels are engaged in partly protected waters with 
shelter near at hand. Obviously, such ships should not be subjected to regulations which are framed for 
seagoing services, provided, and this is important, a suitable restricted class be assigned to them. 

From a consideration of the points discussed, it would appear that the minimum stability must be 
determined in respect of 


(1) the ability to return to the upright position after being inclined by the action of the 
waves and wind, 

(2) the heeling effect of water in the well, and, 

(8) in a minor degree, the shifting of the cargo. 


Analysis of the curves of stability given in Fig. III. shows that these ships are satisfactory, as in fact 
they have proved to be in service. It will be observed that ship B has proportionately less righting arm 
than ships A and C, although the proportions of breadth to depth are uniform. ‘The difference is due to 
the fact that ship B has very pronounced sections of the wall sided club footed type, giving a lower meta- 
centric height for a constant displacement. Had the sections been of the same normal type as A and C 
the G.M. would haye been increased 8 to 4 inches. 

Fig. IL]. represents the righting arm only, but it must be remembered that the righting moment is 
the product of the righting arm and the displacement in tons. 

It is suggested that for coal carrying purposes ship A represents the minimum desirable, that ship B 
is also satisfactory, but if built with more normal sections, could have a slight reduction in beam, that ship 
C. as @ collier, could also be slightly reduced in beam, although it is hardly satisfactory when carrying 
homogeneous cargo. 

The centre of gravity of the ship varies with the depth, while the metacentre varies with the draught, 
but as the relation between the depth and the draught is fairly constant over the range of this type, it may 
be convenient to express suitable proportions in terms of beam and depth. 


~ 
‘ 


For ships A, B and © the ratio : is equal to 2°08, 2°06 and 1°98 respectively, and? is equal to 2°21, 
2°24 and 2°16 respectively. ; 5 Pp is ! 
It is suggested that the proportions to give minimum permissible stability should be as follows :— 
o. » ohi f 
BL | 21 for ship A. 
2— / 90 ? B. 
ae 


°GN 1 
3°95 ” Je 


The above conclusions are borne out from reports of actual ships as given in the following table :— 


ae ; | 
I 
SHIP. | MouLDED DIMENSIONS IN FEET. = | REMARKS. 
. | : | 
1 160x26 x13" 1:95 Tender, required careful handling. 
? 
2 192 x $2°5 x 15 27 Very satisfactory at sea. 
3 | 285 x36 x19 | 19 | Tender, when holds full, easy with heavy 
coal. 
4 | 932x386 x16°5 2°18 | Good stability in all conditions. 
5 BHU oT XL 1°98 | Good sea boat, but not so stiff as my 
| | | former ship. 
6 135 x21 ‘x 118 178 | Capsized first voyage. 


type without ‘“ trimmings.” 

If the qnarter deck be increased in height, a bridge house be substituted for part of the quarter 
deck, or any other alterations be made which will raise the height of the centre of gravity of the ship 
andjor her cargo, suitable corrections must be made. 

In this paper, consideration has been confined to the question of statical stability, as it is felt that 
the dynamic effect of wind, waves, and other external forces is so subject to variation, both in direction 
and intensity, as to be practically indeterminate. If wide assumptions must therefore be made, these 
may be applied with equal accuracy to the statical conditions; but for those who wish to investigate 
dynamical conditions, the necessary curves can be constructed from the particulars given. 


CONCLUSION. 


The large hatchways fitted in the modern colliers add to the safety of the ship by ensuring a better 
distribution of cargo in the hold, and in a large measure are instrumental in preventing badly stowed 
vessels from proceeding to sea, but they introduce a possible danger in the large extent of the deck 
openings, 

This paper is not concerned with the methods of clesing such openings and keeping them closed, but 
it is well to point out the absolute necessity for providing and using ample and efficient appliances for this 
purpose, and keeping them in efficient condition. 

I have known cases of ships arriving at the end of a voyage with the intermediate hatch webs 
comfortably stowed in the bridge house, or lying in the bottom of the hold. 

It is also essential that ample facilities be provided to clear the well of water rapidly (freeing ports 
are cheap), and to protect all openings giving access to the inside of the ship. I am convinced that more 
vessels of this type are lost through failure to make full use of the appliances provided than from any 
inherent defect of design. 

This paper may be considered incomplete in so far as it does not deal fully with things which should 
not be done, but as an old shipbuilder once said, “ Keep your ship upright, yowr hatches tight, your decks 
free, and your bilges dry, and you can go toseainany . . . condition you like.” 
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COASTING VESSELS ENGAGED IN RESTRICTED SERVICE. 


As previously stated, the ships dealt with in this paper are suitable for the ordinary collier service 
between British and Continental ports, but there are many vessels of smaller size engaged in a somewhat 
restricted home service, such as Clyde and East Ireland or West of England ports. In such cases land is 
never far off, the conditions of service are not so severe, and the danger of shifting cargo, water in the 
well, and similar contingencies may be largely ignored. It may even be permissible to provide only for 
some small degeee of stability in the upright condition. On the other hand, such vessels may occasionally 
be required for a more extended service, in which case consideration must be given to the risks associated 
with such extended service. : 


The following particulars of a ship of this type are therefore added :— 


Sup D. 

Moulded dimensions ... Kei ... 180 feet x 23 feet 6 inches x 11 feet. 
Erections on deck a aa ae Po Pee .»» 60 percent. 
Load draught (moulded) at <e oF ee 10 feet 5 inches. 
Load displacement ... ee a me rH A 682 tons. 
Light weight ... re af aoe =o 7 a S16 ,, 
Densiveiche ree aaa ar “4 om aes Hcy 366 ,, 
K.G. in light condition A sx “ 8°98 feet. 
a Perera en ac Ree ee ee 
G.M. i A ROE 56 aE <r ey oe 2°42 ,, 
K.G. in load condition... na e ae By: a B00) 
1 > Le AES SR! Bae Se ela a Pee hme | Meas 
G.M. ‘3 eta ac es a ade 1:95 45 
Maximum righting arm in load condition... sd ane THB hvys 
Angle of maximum R.A. in load condition... * Sev 26° 
Range in load condition ess ia ed Boa was 51° 


In this ship coal stowed at 45 cubic feet per ton will fill the hold, bunkers, and hatchway, so that the 
condition is that of homogeneous cargo. 

The displacement and stability diagrams are given in Fig. IV., and a profile in Fig. I. 

The ratio of breadth to depth is 213. A consideration of the stability curve would suggest that the 
stability is not excessive for an extended service, but that for the restricted service the beam might be 
reduced to about 22 feet, giving a ratio of breadth to depth of 2°0. It should be noted that this ship has 
no double bottom tanks. Were double bottom tanks fitted G would be higher, and a beam of 28 feet 
6 inches would be necessary. 
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DISCUSSION ON MR. W. WATT’S PAPER 


ON 


“STABILITY AND SEA WORTHINESS OF THE COLLIER.” 


Mr. R. J. L. Warp. 


I congratulate Mr. Watt on the production of this interesting paper at a time when a considerable 
amount of attention has been directed to the casualties experienced by vessels engaged in carrying coal 
cargoes. 

The author has sought to determine suitable arrangements and dimensions for vessels intended to be 
employed primarily as coal carriers, but it must not be forgotten that coal cargoes are commonly transported 
in vessels not designed especially for that particular trade. 

The experiment carried out by Mr. Watt on the coal-laden wooden hopper is interesting, but its value 
in respect to the tendency of a coal cargo to shift in a partially filled ship’s hold must rest on the 
assumption that the movements of a ship in heavy seas and weather, have been successfully reproduced or 
approximated to in the hopper. Now it has been shown that the angle of repose in still water is reduced 
by the accelerating forces, due to rolling and pitching, and it has been further demonstrated that heaving 
motion further reduces this angle. (The angle of repose for average grain is 25° which is reduced to 16° 
when subjected to rolling and pitching and further reduced to 14° when subjected to heaving.) 

1 am not able to agree with the author’s conclusion that the danger of cargo shifting is much less than 
is generally supposed. It is generally accepted that the percentage of casualties for coal carrying vessels is 
higher than for vessels carrying ordinary cargoes, and in one case which came under my notice, the vessel 
took a sudden list after being struck by a heavy sea which caused shifting of the coal cargo. Jn this 
case the shifting of the coal was definitely established. The master sent all hands into Nos. 1 and 2 
holds, which were only partially filled, to retrim the coal, and after completing the retrimming (a tedious 
operation) in sheltered waters, the vessel was restored to the upright position and proceeded on her yoyage. 

It is interesting to note that the Board of Trade, in a circular dated, July, 1922, directed attention 
to coal (especially anthracite, peas and nuts) as being a cargo particularly able to shift. Again the 
Load Line Committee which examined in detail the causes of shipping casualties for periods of seven 
years before and after 1906, the year of freeboard revision, concluded that 24 per cent. and 16 per cent. 
respectively of the casualties were due to shifting of cargoes. 

In my opinion, coal cargoes should continue to be regarded as requiring extra precautions to prevent 
shifting whenever considerable spaces, not filled with coal, remain in the hold compartments. 

From the well known equation for period of roll quoted by the author, is derived the equation for 
angular acceleration 

d’e 


dita 


ar? 
—p@— 8,), 


where @ and 6, are the angles which the normal to the wave surface makes with the vertical at the 
beginning and end of the roll. From the two equations it is seen that high angular acceleration is 
associated with a short period of roll which, in turn, is associated with a large G.M. It follows that the 
liability of cargo to shift is increased with large G.M., whereas small G.M. and a long period of roll are 
desirable in order to diminish that liability, so that the designer is between the “devil” of large 
metacentric height or quick rolling and the “deep sea” of small metacentric height and deficient stability. 
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It is a matter for judgment as to what extent in any particular case the superstructures should be 
included in making the stability calculation. 

It is usual to include all the main superstructures whatever the means of closing. This is perhaps 
satisfactory if a vessel is rolling about the vertical position, but if there isa permanent list due to shifting 
of cargo, loose water in ship’s bottom or other cause, the vessel will oscillate about an inclined position, and 
water may find its way in dangerous quantity through bridge end doors or openings, mushroom ventilators, 
ete. The cargo vessel is in this respect in a condition inferior to the war vessel in which all openings through 
which water may enter, may be regarded as hermetically sealed. Stability calculations are therefore more 
of a comparative character as between one cargo vessel and another and have not so nearly an absolute 
value, as in the case of war vessels, unless the superstructures and openings are, or are made, similarly 
watertight. A secondary cause of loss of some coal carrying vessels which I had to examine in recent years 
was the entry of water through the doors at the ends of the bridge superstructure subsequent to the vessels 
listing during heavy weather. 

As an example of dimensions and arrangements not found satisfactory in practice, the following 
particulars relating to a group of sister vessels, several of which were lost when carrying coal, may be of 
Interest. 

Breadth __ Breadth 


Dimensions: 268 x 39°4 x 23°0. za == PUT. 


= =) == Se 
Depth at 


Draught — 
Type :—Self trimming, with poop, bridge and forecastle, and fitted with topside tanks. The capacity 
of the cargo holds was such that when the vessel was fully loaded with coal, there remained large empty 
spaces, 
The G.M. (by actual experiment) when fully laden with coal, was 24 inches and the period of a single 
roll in this condition was 5} secs. The curve of righting arms, neglecting all superstructures, showed 
maximum value of G.Z. to be 8 inches at 15° to 20° inclination and the zero value of G.Z. was 45°. 

Including superstructures, viz., poop, bridge and forecastle, also deep hatchways, the curve of righting 
arms was highly satisfactory the zero value of G.Z. being reached at 115°. 

Recommendations made as a result of inquiry into the losses of these vessels included the following :— 

Hatchways.—Wedges to be hardwood and well fitting into cleats. Covers and tarpaulins to be in 
place and well secured before vessel sails. (It was found that in some cases the latter requirement had 
not been properly carried out.) 

Superstructures.—Bridge end doors to be made practically watertight. 

Waterports—To be kept close to deck stringer angle, and their area to be increased. The number of 
scuppers to be augmented all with a view to freeing the decks rapidly from water. Also, passages to be 
arranged between hatchways so that water can pass from one side of deck to the other. 

Trimming.—More attention to be directed to the trimming of coal cargoes especially in those vessels 
denominated “Self Trimmers.” 

Rolling.—Change of course when heavy rolling is experienced. 

Loose water in bottom—Centre girder in feed water compartment of double bottom to be made 
watertight, 

With regard to the closing of hatchways, it is perhaps not generally appreciated that a vessel loaded 
under the “spouts” has frequently to move clear immediately the last ton of coal has been shipped, and it 
very often happens in consequence that after the lapse of a comparatively short interval of time, the vessel 
is clear of the harbour or dock, and is in the open sea. As there are few deck hands available for securing 
hatchways once the vessel is under way, this work is not always properly carried out and insufficient 
attention to this matter has led to the loss of several vessels. 

An experiment was actually carried out at Newcastle to determine the time required for closing a 
large hatchway with extra deep coamings. Two men took five minutes to put the covers in place and an 
additional period of 42 minutes to fit the tarpaulins, and batten down completely. Inspection of the 
work as completed, showed that the tarpaulins were so fastened, that it was possible for water from heavy 
seas falling on the deck to enter beneath the tarpaulins, in which case the tarpaulins might be torn 
or burst. 

I conclude by thanking Mr. Watt for his most valuable paper. 


Mr. 8. T. BryDEN. 


In this very interesting paper Mr. Watt has convinced us that the coal cargo in a modern collier 
(untrimmed except in way of the hatchways) is not a danger under the influence of moderate rolling, but 
rather that the vessel’s stability is increased as the coal settles down into the wings. He states that if 
the vessel were to heel beyond an angle equal to the angle of repose of coal (7.e. 88°) the cargo would shift 
bodily and the vessel ultimately capsize. 

In actual practice, however, the coal would shift bodily at a smaller angle of heel, the latter depending 
on the period of roll. In the 1887 Transactions of the I.N.A. Professor Jenkins showed that the angle 
of repose of a bulk cargo is virtually reduced by the acceleration due to rolling motion. This would be 
most marked in the smaller type of collier, where the radius of gyration is distinctly smaller, though the 
metacentric height is but little less than that in the larger types, giving a shorter period of roll. 

The real danger to a collier, or indeed any other vessel, occurs with the incidence of synchronous 
rolling, after which the angle of heel on either side increases steadily until it exceeds the virtual angle of 
repose of the cargo, with consequent disaster. As Mr. Watt points out, however, the remedy for this lies 
in the hands of the master of the vessel, who could avoid synchronous or other dangerous rolling in the 
worst of storms by merely changing course, provided that the vessel had good steam power and efficient 
steering gear. So often in small colliers one finds the steering rods sadly neglected, and worn to a shadow 
of their original size. 

Probably long before a collier reached the virtual angle of repose of her cargo, her hatch coamings in 
the well would be submerged, and for this reason her seaworthiness would be practically negligible before 
the coal shifted in bulk. ‘Yoo much emphasis cannot be laid on the necessity in this class of vessel for 
strong and efficiently supported hatch covers, and sound and well-secured tarpaulins, and for the provision 
of suitable plugs for the ventilator coamings. Frequently at Special Surveys the plugs are conspicuous 
by their absence. 

I wish to thank Mr. Watt for this excellent paper. 


Mr. 8. TOWNSHEND. 


The author says that “shifting of cargo is not of prime consideration in the design of a collier,” 
and the evidence he puts forward in proof of this appears convincing though none the less surprising. 
Shifting of cargo is so often the suggested cause of the loss of a ship that it is very gratifying to know 
that no danger need be feared in this respect in a well designed and properly handled collier. 

There still exists, however, the disturbing fact that many of these ships have been lost in recent 
years and, amongst them, many new ones. One is therefore forced to conclude that if shifting cargoes 
cannot be blamed, there must be other serious factors which have caused these losses. A very 
unsatisfactory position about matters of this kind is that the casualties are generally of such a nature 
that no evidence or no reliable evidence can be obtained as to how the ships founder. 

The author points out the danger of partially filled tanks, but I do not think that the figures he 
gives emphasises this important matter sufficiently. For example in ship C the initial effect of the free 
surface of the water in a double bottom tank is to raise the virtual position of the centre of gravity about 
1°9 feet. In this condition the ship has practically no stability when upright. I think the author is not 
quite correct in saying that “the GM may be increased,” if the GZ is reduced it follows that the GM in 
the upright must also be reduced. The amount of the reduction in righting lever for small angles is 
equal to the reduction in GM multiplied by the sine of the angle of inclination. In ship C having a 
double bottom tank half full, the full effect of the free surface will operate up to an angle of 5°, when 
the water on the inclined side will reach to the top of the margin plate. The righting lever in this 
condition will be about *10 foot. The ship will therefore probably list over to about 5° and, if rolling in 
a seaway, Will be carried to a much greater angle due to the influences of wind and sea associated with 
the small stability. The ship would in fact be in a very dangerous condition and it points to the 
necessity of exercising the greatest care that under no circumstances can water get into the bottom tanks 
after the ship is loaded and has left port. 

In a less degree these remarks regarding free surface apply also to the water in the well; but 
whilst it may be useful to assume the wells can be full of water, I think this condition must be rare in 
practice. The sheer of the deck and the pitching and rolling of the ship would quickly clear a large 
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quantity of water over the tops of the bulwarks. Still, there might exist momentarily a condition in 
which the ship would be unstable. Bulwarks add to the comfort of the crew and give a measure of 
protection to minor deck fittings and gear, but if their presence endangers the safety of the ship in the 
event of the wells being filled with water, it is suggested that open rails could be fitted with advantage 
} hf for at least some portion of the length. 

I agree with the author that large hatchways introduce a possible danger. In certain cases these 
hatchways are so large that there is little deck left. A hatchway is not an efficient substitute for a deck. 
When relatively narrow hatches are fitted, they are so far from the sides of the ship that only the wash 
of a sea coming on board can come up against them or over them. Buta sea can fall directly on to the 
hatchway of a modern collier, and this onslaught is to be withstood by a number of wood covers 24 
inches thick, which are neither fastened to the hatchway nor secured to one another. A slightly defective 
cover would easily be stove in. ‘There is also the possibility of a heavy sea striking the coamings and 
distorting the hatchway, thus allowing the covers to drop from the rest bars into the hold, or forcing 
them upwards or downwards under side pressure. In the event of any of the foregoing happening, it 
would be practically impossible to fit temporary covers, under the conditions existing at sea, in time to 
save the ship. 

Moreover, when a ship is listed, a wide hatchway is naturally nearer to the surface of the water than 
a narrow one, and must therefore be more liable to damage. 

A growing practice to make the coaraings as high as the bulwarks appears to be a step in the right 
direction, but it seems to me that some additional support and security is still desirable. 

Whilst it is not easy to check from independent data the conclusions of the author regarding the 
suggested proportions of beam to depth given at the top of page 7, it appears to me that 1°95 is 
rather on the low side for ship “C” of the well-deck type. The maximum righting lever might be 
satisfactory, but I doubt very much if the range of stability would be so, owing to the very small 
freeboards vessels of this type are allowed to have. The curves of stability given by the author appear 
to confirm this view. 


Mr. ©. H. Srocks. 


The paper is undoubtedly a most interesting and valuable one and must have occupied the author 
for many months with long and tedious calculations. I have no doubt that it will receive a hearty 
welcome and such an interest as will perhaps induce the author to pursue the subject relative to other 
types, 

: For many reasons stability can scarcely be described as a popular subject, indeed it is the bée noir 

of the majority. For one thing, there is no standard to work to, then the process of calculation 
is long and tedious and finally the resulting curves are only directly applicable to certain conditions 
which are rarely met with in practice. The variables and consequent corrections are well nigh infinite for 
there is a wide range of possible internal and external conditions. 

The margin of stability in ships bears a certain resemblance to the factor of safety employed in 
general engineering but with this vital difference, that if the margin of stability is too high, then the ship 
is an uncomfortable one. If too low, then the ship is a dangerous one in certain conditions and will want 
careful handling by those who, perhaps, are not well-versed in the subject. Truly, the margin of stability 
is a compromise in every sense. 

I should like to ask the author if he has not omitted an important item in the analysis of his rolling 
experiment—namely the period of roll, and further, would it not have been advisable to use the smallest 
angle of repose in his calculations rather than the average. I have seen 35° being taken as the 
angle of repose for bulk coal. The author mentions that a sudden lurch produced an abnormal angle, to 
what angle of inclination and period did this correspond? I should imagine that with incompletely filled 
holds it is these lurches which are the source of danger to small colliers and even if the captain and 
engineer are not of the type mentioned later in the paper, the cumulative effect of initial inclination 
through water in the well and the combined effect of rolling and pitching might conceivably produce that 
sudden lurch with disastrous results. 

In view of this contingency the margin of stability of vessels A, B and C would appear to be on the 
low side. 
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In these days of enforced economy the collier owner cannot be altogether blamed for exacting his 
pound of flesh as represented by the last inch of draught; but with due regard to increased safety and 
comfort, an increase in freeboard seems desirable for these small vessels carrying cargoes of a shifting 


nature, solid or fluid, unless special structural arrangements are made to control movement. 


Mr. E. W. BnocksipGE. 


Mr. Watt introduces a subject of immediate importance for discussion at the opening meeting of the 
Staff Association. The investigations have been made and presented at a time which is most opportune 
when the attention of shipbuilders and shipowners has been focussed on the casualties which have occurred 
to colliers during the past two years. The paper might well be considered to form a companion treatise to 
the one read by Mr. Frodsham Holt this year at the spring meetings of the Institution of Naval Architects. 

The author brings out clearly in the paper many Important features connected with the general theory 
of the causes of casualty, and the section which deals with the effect of shifted cargo is of great, 
importance, and proves, to my mind, that too much emphasis has been given at Courts of Enquiry to this 
as a cause of casualty. 

The investigations made by Mr. Watt have reference to the well-deck ship and to no other type, for at 
least 85 per cent. of colliers are of the usual raised quarter deck design. I have, therefore, looked up the 
records of the investigations made in the year 1884 when out of 130 steamer casualties no less than 54 
were of the well-deck type, which is equal to 41.5 per cent. The losses were a matter of great concern to 
this Society. For the purpose of comparison a brief investigation has been mude into the dimensions and 
other important features associated with those well-deck ships reported as lost, missing or foundered. 

Freeboard was not compulsory until the year 1890, but freeboards were assigned by Lloyd’s Register 
to a large number of vessels, and several of the steamers which were lost were marked in accordance with 
Lloyd’s Tables. About the year 1884 a concession was granted to well-deck ships in a reduced freeboard, 
but accompanying this concession was the condition that the crew was either to be berthed in the bridge- 
house, or the arrangements to enable them to get backwards and forwards from their quarters were to be 
of a satisfactory character. In addition, a sufficient number of clearing ports, as large as practicable, were 
to be fitted in the bulwarks of the well. This condition was, therefore, compulsory only when freeboards 
were assigned. 

The length of the erections varied between 70 and 80 per cent. of the length of the vessel. Most of 
the well-deckers under review were fitted with bridges in front of the raised quarter-deck of greater length 
than is usually fitted in present-day ships. The ratio of depth to breadth averaged 1.78. The same ratio 
for the colliers which have been lost during the past three years was 1.8 and is practically the same as the 
ratio for the ships lost in 1884. It must also be remembered that since that date double bottoms have 
been fitted, hatchways have been increased in width and height, freeboards have been considerably reduced 
(as much as 20 per cent. in some cases.) The heavy loss in this type of ship does not appear to have 
affected the proportions during the past 40 years. Is it to be wondered that under these circumstances 
casualties still continue ? : 

The most reasonable suggestion for preventing, or at least reducing further casualties, appears to be 
that which will enable a certain minimum standard of proportions to be observed when designing the ship, 
just as the Board of Trade did with the small boats in 1920 in order to obviate the necessity of carrying 
out a stability test when there was a doubt as to form and suitability of dimensions. 

The proper security of covers over all deck coamings has been emphasised by Mr. Watt and the 
necessity for facilities to be provided for freeing the well of water rapidly and effectively is no less 
important. 

If one is tempted to speak from experience, it would be from the point of view of the attitude taken 
by the officers and crew to maintain a measure of safety at sea, by inadequate preparations before the ship 
leaves port. It is only another instance of “ familiarity breeding contempt.” 

_ Although questions relating to stability and loading now form a part of the Board of Trade examina- 
tions for masters and mates, it is suggested that the margin of safety embodied in the seaworthy qualities 
of the ship itself should be increased rather than increase the responsibity of the master by providing him 
with information relating to stability and loading which, it is suggested, will not increase his confidence 
in the ship. It is presumed from Mr. Watt’s investigations that there is not a wide margin of safety in 
the ordinary well-deck type of collier. 
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Mr. W. THomson. 


The subject of Mr. Watt’s paper is one which has exercised the minds of naval architects for many 
years and recent happenings have tended to show that the attention previously devoted to this problem 
has not yielded perfectly satisfactory results. 

The author has carefully detailed the salient points of the design of colliers with a view to 
ascertaining those properties which are essential for their safe. navigation, and has courageously set forth 
his views as to the minimum stability which would ensure safety. He necessarily makes various 
assumptions, and the first point I would like to criticise is the opinion expressed regarding the angle 
of heel likely to be caused by water in the wells. From a rough calculation from the curves in the paper 
it would appear that with the well full of water, gradually added, the ship would incline to an angle of 
8 or 10°. If, however, this weight of water were suddenly applied the angle of heel would be much 
greater. 

In addition to this it must be remembered, that not only is the water suddenly added but it comes 
on board with a considerable velocity. 

If it be assumed that the water falls on the deck from an average height of only 5 feet it will have 
acquired a velocity of 15 feet per second when it strikes the deck. There is thus a mass of 40 tons of 
water striking the deck with a velocity of 15 feet per second, and I would suggest it is not too much to 
say that a moment of this order would cause the vessel to incline to a very considerable angle. This 
problem of dynamical stability appears to me to have a vital bearing on the question under consideration 
and is worthy of more serious attention than the cursory reference made in the paper. 

Another factor which appears to be somewhat incorrectly estimated by the author is the angle of 
repose of the coal. 

[f the figure of 88° given by the author be accepted as correct for a statical condition, and the 
correction suggested in Professor Jenkin’s paper be made, it will be found that for a vessel rolling and 
heaving in a seaway this angle will be reduced to about 24° or 25°. 

If this be correct it will be noted that it is quite possible for a vessel to roll to anangle at which the 
cargo will shift, a fact which seems to be supported by a remark made by Mr. Martell nearly fifty years 
ago, that cases were on record where coal cargoes had actually shifted. 

If safety is to be secured it would appear to be necessary to make some alterations in the proportions 
of these vessels, and I would suggest that the author’s ideal of a suitable curve of righting moments 
appears to leave too small a margin for contingencies. A maximum righting arm of ‘6 of a foot in 
association with a range of 60° is certainly not erring on the side of safety. 

In order to improve the seagoing qualities of these ships it seems to be desirable to increase either 
the breadth or the freeboard. To an increase in breadth there are various objections, particularly as the 
GM is already quite large enough, and it is accordingly suggested that a substantial increase in the 
freeboard is desirable as being the most satisfactory means of increasing both the arm and the range of 
the curve of stability. 


Mr. B. J. Ives. 


While I have no doubt that the figures given in the properties of a sag Ships have been taken out 
with Mr. Watt's well known exactitude, it does strike me as surprising when comparing the properties of 
B, B1 and B2, that with an increase of depth of 1°5 feet in B and 3 feet in B2 the position of the C.G. 
in light condition rises so much as 1°1 feet and 2-2 feet respectively. To make such a large increase in 
hela of C.G. must mean surely that the weight of the deck, etc., is much heavier than the bottom of 
the vessel. 

I find that the ratio of K.G. to moulded depth varies between *83 to *89 D above keel, and even 
assuming the depth of R.Q.D. was put into the depth of the ship and made continuous fore and aft the 
ratio is still about ‘70. Frankly I confess these figures of height of C.G. above base appear to be 
unduly high, but unfortunately I am not able to check these from actual experiments. 

There is another aspect of the figures I want to emphasize, in the case of a small collier built on the 
Clyde which capsized on the first voyage, and which like the type of ship evolved by Mr. Watt had a 
double bottom. It was proved to the satisfaction of the Society, who examined the question of stability 
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after her loss, that the vessel in loaded condition was worse from the point of view of initial stability 
than when in light condition, owing to the C.G, of the cargo having been lifted so much, due to the 
depth of the double bottom fitted. 

The paper is of great value in tending to concentrate our thoughts on proper proportions of ships. 
The paper, however, deals with the seaworthiness of the collier, while its conclusions deal with large 
hatchways. ‘There is one case on record of Jarge hatchways in a collier being the cause of the loss of the 
vessel. “The tarpaulins cut along the edge of the coaming indicating, in my opinion, that there was 
constant wear going on which presumably was caused by slight movement of the top edge of the coaming. 


Mr. H. Dickerson. 


The paper we now have before us is, in my opinion, one of the most interesting contributions to the 
Association’s proceedings. ‘The amount of work involved in its preparation cannot be gauged by the 
size of the paper, but will be appreciated by all those who have dealt with the question of stability. 

With regard to the rolling experiments, particulars of which are set forth on page 3, these are most 
interesting, but in view of the uncertainty of the motion of a vessel in a seaway, I am afraid that I cannot 
agree with the author’s statement that the experiments showed that “the danger of loss through shifting 
of cargo is not so great as is generally apprehended.” 

The effect of water in the well is, in my opinion, of considerable importance, the large free surface 
making the ship tender, more so, I think, than would be thought on reference to the table given on 
page 4. 

From the author’s description of the vessel he observed off Whitby, it does not appear to be 
improbable that during very heavy weather small colliers will always have a large quantity of water in the 
well, thus considerably reducing the metacentric height. 

I think it will be generally admitted, that in the majority of cases the loss of vessels of the type 
dealt with in the paper must be due, not to one, but a number of causes, which may include water in the 
well, defective closing appliances of the deck openings and shifting of cargo ; therefore, anything that can 
be done towards reducing the risk of loss through any one factor must necessarily improve the 
seaworthiness of the ship. With the object, therefore, of reducing the effect of water in the well, [ should 
be obliged to Mr. Watt if he would give his opinion as to the advisability of dispensing with bulwarks, 
fitting rails instead and providing a gangway over the top of and between the hatchways in all colliers 
and strengthening the hatchway coamings, if necessary. 

As the paper will undoubtedly be frequently referred to in the future, there is one point which the 
author will, perhaps, be good enough to make clear, and that is, whether the length of the raised quarter 
deck used in the calculations was as given in the table on page 1, or as shewn in the sketches at the end 
of the paper. 


Mr. T. 8. Leatruarp. 


I have been much interested in listening to Mr. Watt’s very interesting paper on the collier, and we 
must all be greatly indebted to him for the labour involved in its preparation. 

I do not quite agree with Mr. Watt’s remarks regarding the small likelihood of dangerous shifting of 
cargo ; I think it largely depends on the kind of vessel in question. In self trimming colliers the risk is, 
of course, negligible, but coal is carried in many other types. 

At my last port (Cardiff) coal was carried in all classes of vessels, shelter deck vessels with two 
complete steel decks, three island vessels with one or more decks, single deck vessels with self trimming 
hatches, and single deck vessels with smaller hatches. 

The trimmers’ rates were fixed for three classes of collier. 

(1) Full trimming rates were fixed for vessels with *tween decks and hatches of normal size 
in which the ’tween decks had to be filled to get the vessel down to the load draft. 

(2) ‘* Easy” trimming rates fixed for steamers with normal hatches which required a certain 
amount of trimming. 

The exact type of ship to which this should he applied was a source of constant dispute. 

(83) Self trimming colliers on which the coal was simply levelled off in the hatch before the 
covers were filled. 
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In the first of these conditions trimming was carried out, but from my observation the amount of 
trimming involved in the second condition as compared with the third, was negligible. The trimmers are 
paid a bigger price in the second condition for practically levelling off the hatches, as there was no person 
in charge of the trimmers to ensure that any further work was carried out. 

In a case that came under my personal observation, that of a shelter deck steamer which regularly 
traded to the Bristol] Channel ports, in which the vessel was down to her loadline when the lower hold was 
filled with coal and the *tween decks empty, the owner claimed to come under the ‘“ Easy” trimming 
condition as the vessel was loaded by dumping the coal through the shelter deck hatch and levelling off the 
main deck hatch. As the hatches were of normal size, this left a considerable vacancy between the deck 
and shell not filled by coal, as indicated in the sketch. ‘This ultimately came under the observation of the 
Board of Trade who detained the vessel as “ unsafe” unti] some further trimming was carried out. The 
space left vacant at the side of the vessel was sufficiently large to enable a man to walk along the coal. 
I think in this case there was grave risk of the cargo shifting and that the vessel was obviously unsafe. 

Although the larger hatches in the modern self-trimming colliers ensure a better distribution of cargo 
in the hold, they are a considerable danger to the ship through the large surface of hatch covers exposed 
to the sea. The risk of damage to tarpaulins and hatch covers is considerably increased through the 
additional weight of water in the hatch. My experience has been that in many of the coasting colliers 
running a trip per week, the wood hatches get knocked about through constant usage and should be 
continually under observation, which I am afraid they do not get. With the larger area of the hatch 
covers in the self-trimming collier, I think that some form of locking bar should be imperative. The 
most satisfactory way out of the difficulty would be to fit iron hatch covers. The difficulty with the 
present form of iron hatch cover is the lifting of a cover of the size now common in the latest colliers, 
but I think this in course of time will be overcome. 

The two points I desire to make are: (1) that there are some cases of trimming in which I consider 
that there is grave risk of the cargo shifting; (2) given a heavy sea falling on the present large 
hatchways, I consider their fastenings require reinforcement. 

Trusting that these few remarks will elicit some comment from the writer, I again thank him for 
his valuable paper. 


Mr. G. R. Encar. 


I have read Mr. Watt’s paper with interest, more especially as on a number of matters there would 
appear to be much scope for differing views. Leaving on one side for the moment the divisions of the 
subject in the paper, consideration is therein directed to the problem of the loss of these vessels at sea. 
Certain conclusions are arrived at, these being based on calculations made under assumed conditions 
having very definite limitations, but this fact is only cursorily referred to in the paragraph on page 7 
immediately before “conclusion,” and has not been allowed to influence the results. It would appear 
that investigation of these losses by consideration of still water conditions a/one is fundamentally wrong, 
and involves the assumption that none of the factors operating in the investigation are affected by sea 
conditions, or that ship and ship are affected alike, so that it would seem therefore that the conclusions 
should generally be at least subject to reserve. 

The majority of these losses—probably all—could be said to have taken place in very heavy weather, 
and to disregard this in the basic ro el seems to require some adequate explanation. On the other 
hand, it can be shewn that the stability of a vessel, or rather the righting lever GZ, is reduced when she 
is longitudinally on a wave profile at the same displacement as in still water. A position mainly 
longitudinally on a wave, but slightly across it, may be regarded as longitudinally on a wave of different 
length, with a roll producing motion attendant. Further, owing to heaving motions the virtual 
displacement of the ship will vary from time to time, and these two combined factors will seriously 
affect the righting moment from that in still water, and this righting moment is the vital factor 
keeping the ship upright. The effect of this reduction is to cause phases of motion to occur when 
the ship will be suffering from appreciable loss of stability, and when inclining forces of wind and wave are 
present a large inclination may occur, which with a vessel of the collier type with cargo free to move may 
result in inability to return to the upright. This effect in a vessel having the form of a collier would 
normally not be so much as in the case of a fine vessel, but though the reduction may be smaller, there is 
not much scope for reduction as unfortunately has been demonstrated. With a following sea, too, 
the time factor makes matters worse. 


9 


Turning now to the paper in detail, I should be interested if the anthor would say how the erections 
were dealt with in his calculations and how the stability sections were arranged relative to the breaks. 
Were the discontinuities specially taken account of—this generally needing approximation. 

On page 2 the extremely poor stability shewn in cases B1 and B2 is rather surprising, and information 
as to the reason for this would be appreciated. The displacement in the three conditions calculated for 
the other ships is presumed to be the load displacement. Also, how has the coal between the hatchways 
been taken in the teamed condition ? Has it been assumed sloping from the hatch to the bulkhead and 
free from the deck with an angle of slope of 38° all round ? 

In the rolling experiments the paper states towards the end of this part that ‘the movement toward 
the inclined side was greater than the normal by about 5° and was practically normal on the other side.” 
Does this mean that on the inclined side there was a slope of 13° and on the other one of 8° to the 
horizontal 2? Would not the author have expected in these experiments to find that the effect of rolling 
and of the motion of the coal about its centre of rotation would have resulted in a smaller angle of repose 
at the extreme point of roll than when the coal merely took up its natural angle and was then undis- 
turbed ? Is it not strange that the energy of motion put into the coal by the rolling does not cause ¢ 
smaller angle of slope to be produced ? At any rate, if no result is produced in the hopper, which is only 
small compared to a ship, it is difficult to believe that with much larger width and depth of ships’ hold 
no more movement will result in rolling at sea to the same angle of inclination. ‘The author states that 
a sudden lurch in the inclined position produced an abnormal movement; and is a vessel not extremely 
likely to lurch suddenly in a seaway? It is noted, too, that these results were obtained by a gradually 
increasing roll which naturally helps the settling down process, but in the event of large inclination being 
sustained before the settling process had taken place, then a much larger shift would result, and this 
more approximates to sea conditions. 

The formula given for the period of single oscilation is, of course, that for unresisted rolling in still 
water, and the actual resultant motion is dependent on the relationship between the period of the ship 
and that of the waves encountered. Though reduction of G.M. would lengthen the period of roll, such a 
vessel with small value of G.M. meeting a long, low swell of period equal to her own would probably roll 
more than one with larger G.M. and quicker period. Alteration of the helm to avoid this means 
alteration of the vessel’s course, bringing her more longitudinally to the waves, to which position reference 
has just been made. 

On page 6, dealing with the influence of various factors on the design of the ship, the recording of 
large angles of roll at sea is definitely scouted. Most of these large angles reported to have been sustained 
are not given as regular angles of roll, but as more or less isolated angles reached from time to time. It 
does not seem to be necessary that if a ship inclined to an isolated angle which might immerse deck 
openings that she would definitely not return to the upright because of this, if possessed of sufficient 
inherent stability otherwise, especially having regard to the fact that generally these openings are closed or 
partially closed. Should this inclination be repeated, or should she retain it or part of it, then I agree 
that is quite another matter. The drawing in fig. 1 appears to be the author’s proof that a large 
inclination with subsequent recovery is an impossibility. ‘There is the reference to the ship off Whitby, 
but this can hardly be considered an accurate or sufficing observation. Were it not for the sti// water 
line drawn in fig. 1 it would not seem such an improbable angle of roll, but how the vessel rolls to 30° 
in still water is not exactly clear. Further, a vessel on or across a wave rolling to that angle need not 
necessarily immerse openings, and should she be heaved out of the wave it would be even less necessary. 
Again, the highest point of the wave relative to the ship might come in way of an erection (which has 
been omitted in the sketch), so that the matter is possible on another count. Probably the author has 
further reasons for his conclusion, as the basing of it on this sketch cannot be taken as convincing to any 
degree. ; 

Shifting of cargo is stated not to be a prime factor operating, but if my memory serves this was not 
borne out in the cases of the losses occurring some short time ago in the vessels of the ‘Marie Louise” 
type. I believe in one of these cases a vessel which exhibited all the previously noted symptons of 
foundering managed to get back to port with a heavy list when the cargo of coal was found to have 
shifted. 

In view of the importance attributed to water on the deck by the author, details of his method of 
evaluating its effect on righting arm would be of interest, in the lack of which details the assumptions 
made on pages 4 and 6 regarding this matter appear to err on the heavy side. Shifting of cargo certainly 
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appears to be relatively more important. This would also appear to be borne out by the fact that losses 
of the type referred to do not occur to anything like the same extent in trawlers, many of which have 
wells and raised quarter decks. It would not be denied, I suppose, that these vessels meet equally as bad 
weather conditions and take probably more water on the deck relatively, and it will be observed that the 
main differences in the two cases are that the trawlers have not the cargo free to shift nor have they the 
large hatchways. Given secure openings it would appear that shifting cargo is a more important factor 
than water on the deck. There may be something in the relative freeboards, but the author does not 
advance insufficient freeboard as the root cause of these losses. 

And, finally, what is meant by “the metacentre varies with the draught” in the last paragraph of 
page 6? Iam sorry that I cannot agree more with Mr. Watt as to his conclusions; but may I thank 
him for his introduction of an interesting subject and for the trouble he has been to in bringing it before 
the Association. 


Mr. R. S. Jonson. 


The various cases dealt with in the paper reasonably cover the range of the small collier type ship, 
but without having worked out a number of cases oneself it is difficult to make comparative criticism 
which, in my opinion, would have formed the most useful basis for discussion. One can, however, delve 
a little into the figurative results for the type ships investigated by the author and tabulated in the paper. 

Referring to ships B, B1 and B2, which have the same length and breadth but a difference of 18 inches 
between each depth of ship; for this change in depth the increase in draught is 1-2 feet, and the rise in the 
centre of gravity in each case is one foot. Comparing the stability for these three cases it is rather 
unexpected to find the marked diminution which takes place in the angle at which the maximum righting 
lever occurs, the righting lever itself, and also in the range of stability, all of which factors tend to 
increase with increase in freeboard. It is realised that change in position of centre of gravity is a more 
decisive factor than change in freeboard, also the displacement varies in the three cases, but the results 
given in the paper appear rather remarkable. Further, case 5 on page 7, which is described as a fine sea 
boat, is intermediate between B and B1 ships, and in the text of the paper B1 is described as unsuitable 
for the carriage of coal cargoes, and on this score is summarily dismissed by the author as unworthy of 
further consideration. It would seem, therefore, that from the calculated results given in the paper, 
there is a very fine line drawn between what may be considered good and what is absolutely bad collier 
design, and a general conclusion must be that the safety of these ships is largely a question of good 
seamanship. 

It would perhaps be useful if the author in his reply would state whether ships B1 and B2 are 
actual similar ships designed for heavy cargoes such as iron ore, and if they might be considered 
satisfactory ships in that service, or whether the dimensions of B were intentionally varied to illustrate 
the effect of increased depth of ship. 

It is stated in the paper that the positions of centres of gravity were calculated in detail and checked 
by reference to reliable experimental results. It is not clear in what manner such procedure was applied 
to B1 and B2 ships. Perhaps the author will enlarge on this important point in his reply. 

In all the cases dealt with in the paper, it is observed that K.M., the distance of the metacentre 
above the keel, is less than that of the load draught. May this be taken as a constant feature in these 
small vessels ? 

I am not in agreement with the author in his conclusion with regard to the angle of vanishing 
stability, and in justification would refer to the classical case of the “Capratn” and “ Monarcu.” The 
area of the statical curve measures the dynamical stability which is a measure of the work necessary to 
overturn the ship, and in a comparative sense affords an indication of relative safety. Also, the stability 
represented by the statical curve is called upon to resist both statica! and dynamical conditions. 

The results obtained from the hopper experiments are very interesting, but the ‘* way of a ship in 
the sea” was, in my opinion, only partly reproduced in the experiments. The effect of heaving, lurching 
and yawing on the large heaped masses of coal carried in a ship’s hold is in all probability an accentuation 
of the movements obtained in the hopper. 

On page 6 the author attributes danger to colliers to lie not in shifting cargo but in water on deck. 
Under such conditions the Whitby ship battling in the teeth of the storm, was faring none too badly. 
Was the author sure that this ship was loaded with coal and not with granite blocks, general cargo or any 
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other heavy cargo? In the latter event this would rather afford evidence for what appears to be generally 
true, viz.:—that ships of this type but not carrying coal can carry water on deck with safety. Does this 
not tend to show that water on deck is not such a determining factor in the safety of these ships as is the 
liability of the cargo to shift or of hatchways being smashed in ? 

The author advocates the complete filling in of the well in these ships. Is it assumed that there is 
any alteration in draught on this account? If the same deadweight is to be carried after the well is 
filled in there would be a consequent increase in the vacant space in the holds, and such conditions would 
undoubtedly add to the danger of shifting cargo. Also, the tilling in of the well would raise the position 
of the centre of gravity of the ship. 

The reasons given by the author when recommending that only a small degree of stability in the 
upright condition is sufficient for the restricte i West coast to Ireland service are not altogether convincing 
in view of the weather conditions in this area being no less severe than that found in the North Sea. 

If as appears to be the case, the suitability of the collier to meet the service conditions to which it 
is subjected, requires consideration, it is suggested that preliminary investigation might take the form of 
a series of inclining experiments of ships in the lizht and loaded condition, and also with the well flooded 
to its full capacity. 

I have read the paper with great interest, especially in view of the fact that there is little stability 
data available for this special type of ship. ‘The information given by the author can only have been 
compiled by the expenditure of a considerable amount of time and labour fully appreciated by all who 
know the intricacies of ships’ stability calculations. 


THe PRESIDENT. 


As the time is well advanced and the author is desirous of making some observations on the discus- 
sion, | do not propose to say much myself except to endorse what has heen said by several of the speakers 
by way of commendation of the paper and the industry of the author. 

The subject of stability is always fascinating. It came into prominence many years ago on account of 
the losses which shipping had sustained, due, it was thought, to the shifting of certain types of cargoes in 
vessels engaged in specific trades. It is a matter of history that the whole question was enquired into and 
much good resulted from the enquiry. It seems, therefore, a sad commentary on the progress of ship 
construction during the last 40 years when to-day we have to deplore the loss of vessels due, as the author 
puts it, either to faulty design or the movement of cargoes. 

Whatever the cause may be the author does not appear to attribute the loss of these vessels to shifting 
cargo, but more to the unsuitability of certain classes of vessels for particular purposes, and he seems to 
have come to this conclusion from the results of his experiments described in the paper. 

These experiments with the hopper are certainly interesting, and so far as the results of the static 
experiments are concerned they seem to be in agreement with Mr. Denton’s results of 50 years ago com- 
municated to the Institute of Naval Architects in which he found the angle of repose for coal was 
about 38°. Professor Jenkins looked into the question of “shifting of cargoes” some ten years later, 
and came to the conclusion that coal had about the same angle of repose as “mixed peas and beans,” 
viz., from 23° to 28”. 

With regard to the author's rolling experiments with the hopper, I do not think his results are at 
all conclusive or that it is possible to deduce therefrom anything which may be usefully applied to ships 
encountering waves. 

The two conditions are quite distinct. 

_ It is one thing to oscillate a platform such as the hopper used by the author under uniform condi- 
tions about a certain axis and relative to a specific vertical plane, but it is another thing to consider a 
vessel rolling amongst waves about an ever changing axis and where the factors of weight and buoyancy 
have to be considered in relation to the wave surface, i.¢., relative to a virtual upright perpendicular to the 
wave surface. It so happens that under such conditions comparatively large angles of roll may be reached 
with safety and much in excess of what would be considered reasonable in still water. 

The author does well to direct attention to the danger resulting from free surfaces of mobile cargoes 
and of the influence of a body of water lodging on deck ; and I think every reasonable precaution should 
be taken in the design and in practice to obviate as far as possible disaster from these causes. 
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The whole subject is one of considerable importance, and I think this paper is worthy of a wider 
circulation than we are able to give it here within the limits of this Association. I believe the value of 
the paper would be enhanced if the author included a diagram shewing how the movement of the hopper 
was obtained. 


CORRESPONDENCE. 
Mr. Cyas. H. Jorpay. 


The paper contributed by Mr. Watt on the “Stability and Seaworthiness of the Collier” is exceedingly 
interesting. It is evidently the result of a large amount of research and work, and the Staff Association 
Hi . is to be congratulated upon receiving such a valuable addition to its records. 

Wit | The presentation of the paper at the present time is the more valuable, in view of the number of 
\} ships which, as ihe author states, have been lost during the past few years. 
Wi |} The subject seems to call for more care and attention to be given by builders and owners to the 
\ designing of double bottom steamers, intended to be used in carrying homogeneous cargoes such as coal 
Hi) or grain. Since the introduction of double bottom ballast tanks the losses among such steamers, when 
ii carrying homogeneous cargoes, have been very great. As far back as the early seventies several such 
\\} vessels, carrying grain cargoes, were known to have capsized and foundered a short time after leaving port 
i in fair weather, while several others were Jost and never heard of. At that time it was thought that the 
Nh gradual consumption of the coal in the bunkers might have so seriously affected the stability in some cases 
iM as to have caused the vessels to capsize. This is an important point, and it would be of interest to know 
| if the author has made any investigation respecting it. The consumption of the bunker coal would involve 
| a gradual alteration in the draught of water, the height of the vertical centre of gravity, and the heights 
mI of the centres of buoyancy and metacentre. It may be a question therefore, whether such conditions 
i pe not have a serious effect in vessels of the said type, laden as above and possessing a small initial 

stability. 

It is observed in the table on page 7 of the paper, a vessel is stated to have capsized on her first 

voyage, but no particulars are given as to the conditions and cause. 
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Mr. C. Barter. 


The “self-trimming collier” has been “suspect,” in certain interested quarters, from the point. of 
view of transverse stability, and the writer of this paper has performed a useful service in proving that 
li a properly designed vessel of this class can be made as safe as any other craft. 

At the recent inquiries into the loss of two of these vessels, some extremely useful evidence was given 
Ii by a survivor, and by the captain of another “self-trimmer” which made port in a battered condition. 

Their evidence indicated that the danger of the large hatch was practically confined to possibility of 
damage from green water shipped over the bows or from successive seas over the rails. 

Of these two the former would appear to be the more important, not only in its potential, but also 
because a vessel should be able to ride out a head sea. 

The main remedy is obvious, namely, increased height of platform forward. It is also probable that 
a breakwater on the forecastle would be of material assistance. 

In this connection a note should be made of the danger of any trim by the bow in the loaded 
ih condition, and designers might well legislate for a slight trim by the stern. The knowledge that, his 
forward hatches would be protected against the batterings of green seas when the vessel is ‘‘head-to-wind ” 
would be of immense value to the captain of a small ship in a heavy sea. ; ; 
| Regarding cross-seas filling the well and thus providing a momentary sliding platform for a succeeding 
sea, there would appear to be considerable merit in the open rail bulwark, The ship would then free 
i herself instantly, and thus expose the hatch sides, or more surface, to break up the succeeding sea. 

Mi Mr. Waitt has found by experiment that 38° may be assumed as the angle of repose of coal, An 
Hh! aot rains at a court of inquiry gave the same figure for “wet duff,” that is, screened, washed, 
Mii small coal. 

i) It is of interest to note that washed coal is generally shipped with about 8 per cent. of moisture held 
i in suspension. It is weighed into the ship in this state, and an allowance is made when the cargo is paid 
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for. This point should be borne in mind in making any calculations from weights supplied by the staithes 
weighbridge. The effect of this water on the ship's stability in its gradual percolation to the hold well 
forms an interesting subject for a little mental relaxation. 


Mr. W. M. Batrour. 


I had the privilege and pleasure of taking part in the discussion of the author's previous paper, and 
now as an ontport member am delighted to see our past president’s continued interest in the well being of 
the Society. Stability calculations! What a bngbear they used to be. Yet, we are presented here with 
the analysis of 14 cases. Bravo! 

The ordinary type of collier is an easy trimmer as distinct: from a ‘ self” trimmer. 

The coal will be partly trimmed into the space under the deck stringer,and the G.M. will be between 
the two conditions worked out in the analysis. For A, B, C types the G.M. will be at least 2 feet, which, 
other conditions being satisfactory, gives good initial stability in the loaded condition. 

There is one condition that the author might find of interest to add, if only for one type :— 

Tn loading colliers, it is the invariable practice to commence loading with the ballast tanks full, and 
during loading to pump the tanks ont. It was my experience in Goole to see a collier under the coaling 
tip take a 30° list towards the quay wall. The vessel was partly loaded, and at the time she was bunkering 
through a starboard coal hatch. I presume at least one tank was being pumped out. 

On page 7, No. 4 ship has the highest award, “good stability in all conditions.” How far is this 
happy result dependent on the vessel’s extreme proportions of length to depth? If she is an ideal type, 
the sooner scantlings for such a type are embodied in the Rules the better. 

The author has carefully avoided the thorny question of sub-division as regards seaworthiness. 

With colliers and coasters with engines fitted aft, an extra W.T. bulkhead could be fitted without 
any detriment to the vessel’s earning capacity. This bulkhead would take the place of the wood bulkhead 
now generally fitted between the two hatchways. 


Mr. T. Spaw. 


It is only after attempting to check roughly some of the figures given in the paper that one realizes 
the time Mr. Watt must have spent in preparing the paper before us, and he is to be congratulated on 
putting the information in such a concise and instructive form. 

The height of the quarter deck and the speed of the vessels is not stated, perhaps Mr. Watt will give 
these particulars in his reply ? 

Regarding the technical data of “ Properties of Typical Ships” I consider the lightweight in each 
instance is heavy, more particularly “C” type which I estimate should not exceed 1,520 tons for a speed 
of 10 knots on trial trip and abont 94 knots average. The cubic capacity of bunkers and holds 
(condition “‘a”) per deadweight ton varies considerably in the three types, A” being 51°7 cubic feet, 
“B” 47°6 cubic feet and “CO” 53:4 cubic feet and I will refer to this point later in my remarks on design. 
The “KG” height in light condition in “B” and “C” types is abnormally high and the “GM” 


AK G : : ; : 
correspondingly low, the, factor being *851 and 842 respectively, to main deck. 


Using data obtained from hecling experiments of vessels of similar dimensions I should expect. the 
height to be considerably less than given, and if so, the margin of safety would be increased. 

With regard to the dimensions and design of the three types placed before us (neglecting B1 and B2) 
the dimensions conform with modern practice and now that naval architects are no longer of the opinion 


that a narrow ship is essential if a good performance is to be obtained, I see no reason why they, 


proportions should not be approximately worked to, although in cases where beam is restricted in special 
trades I would have no hesitation in reducing * B” type to 1°95 and “C” to 1:9. In design “C” the 
cubic capacity per ton deadweight is 53°4 cubic feet with coal levelled on the surface from side to side of 
ship, and such surface is 35 inches below the deck, and when trimmed only in way of hatchways is 
still 21 inches below the deck at centre. As before stated [ consider the lightweight given for this type 
is excessive and on my computation the available capacity would be about 50 cubic feet per ton deadweight 
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and the objectionable feature of empty spaces when loaded would be removed. A design to fulfil all the 
conditions set forth by Owners has not yet been evolved, but the following points should receive careful 
consideration for a self or easily trimmed collier. 

To reduce the empty space to a minimum with coal trimmed in way of hatches only, the hatches 
should be as wide and long as can be fitted and the coamings continuous between Mess to form a 
winch platform. The cubic capacity with this condition of loading should be 46 cubic feet per deadweight 
ton and this factor should determine the length of erections. When the machinery is placed amidships 
trim by the stern is readily obtained, but with machinery aft the length of erections requires careful 
consideration. In type “*C” I consider it would be necessary to fit a deep tank, well forward of 
amidships before the vessel could be designed to trim on a level keel, and the length of the tanks should 
be regulated so that the holds would be full (except wing spaces) with trimming in way of hatches only. 
The deep tank of course would be filled when making light passages and a better light trim obtained ; 
even with machinery amidships it is becoming a common practice to fit deep tanks in the engine space to 
obtain a deeper draught on light passages. 

I am pleased that Mr. Watt has drawn attention to the effect on stability which ensues on shape, 
both below and above load water line, with the same dimensions. The modern vessel, say 260 feet length 
and over, is clabbed forward and aft about the light line and has little flare above water ; per contra, the 
old type had no “club,” but had the disadvantage from a stability point of view of considerable tumble 
home. In this connection, and with reference to particulars of vessels given on page 7, I append 
particulars of a vessel built in the year 1899: Length, 285 feet; breadth, 88 feet 10 inches; depth 
moulded, 23 feet; poop 29 feet; quarter deck, 74 feet; bridge, 118 feet; and forecastle, 30 feet; rise of 
floor, 1 foot ; no club either forward or aft and excessive flare above water line. ‘This vessel carried coal 


for many years and was never reported “tender.” It will be noted that the 3 is 1°69, and 1 have 


particulars of many vessels built about the same time with a 5 of 1°78. The steamer “SEAHAM 


Harzour,” built in the year 1880, was probably the first collier with a length of 270 feet or over to have a 
f approximating to present practice. The particulars of the vessel are as follows :—Length, 275°5 feet; 


breadth, 38°1 feet; depth moulded, 19°41 feet; poop and bridge combined, 164 feet; forecastle, 31 feet. 

Exceptional dimensions are instanced in the case of the steamer “ Joun Ray ”—length, 105°9 feet ; 
breadth, 86 feet ; depth moulded, 15:1 feet. 

The curves “‘c,” Fig. III., in connection with the effect of water in the well are valuable, and may [ 
say reassuring. The data given is more comprehensive than I have hitherto seen, and should be of 
considerable use to designers and also remove the suspicion that exists among many naval architects who 
have not taken the trouble to go into figures on this subject, that a well is inimical to the safety of a ship. 

The general opinion of captains of colliers is that the area of freeing ports as recently amended is 
ample, provided the area be placed aft of three-fifths length of the well. I agree with all the concluding 
remarks in the paper, and have to thank Mr. Watt for his valuable contribution on a most interesting 
subject. 


Mr. J. Hopason. 


The Association is again indebted to Mr. Watt for a very useful and interesting contribution to the 
knowledge on the seaworthiness of ships. Recent casualties have focussed attention upon the type of 
vessel dealt with in the paper and the results obtained afford some definite information on one of the 
factors of safety against the loss of such ships. 

As mentioned in the paper, the two elements of the statical stability curve which give the truest 
conception of the margin of safety against capsizing are the magnitude and position of the maximum 
righting lever. 

r In all the examples worked out it does seem that this margin is at its minimum; although these 
vessels have no doubt been successful in the trades for which they were intended, there is not much 
stability to spare for emergencies. 

In these days of a practically non-existent coal trade, these vessels are being employed in any service 
for which freights can be obtained and are probably running greater risks on this account. ‘They are now 
carrying cargoes, approximating to the homogeneous, on long voyages and for such service it is doubtful 
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whether their stability is sufficient in spite of the fact that there are no restrictions against these ships 
undertaking any voyage whatever. 

Within the last few days I have visited a vessel, intermediate between types A and B, which has 
just carried a cargo of dried fish across the Atlantic and the Captain informed me that at times the well 
was continually under water and that he was many times doubtful whether the ship would ever reach port. 

In ordinary circumstances, however, this type of vessel appears quite safe for the Continental coal 
trade and in my opinion, if the true circumstances attendant upon the loss of such vessels were known, 
the cause of many of the casualties would be found to be negligence in loading or handling the ship. 

It is a regrettable fact that many of these vessels proceed to sea with coal on the deck; one such 
case came under my notice some three years ago. A vessel identical with type D went to sea in such a 
condition, and in fine weather the Captain hoisted fore and aft sail, with the result that the ship took 
a dangerous list, the cargo shifted and she had difficulty in reaching a port of refuge. 

The very small freeboards of these vessels, whilst providing sufficient stability when the vessels are 
properly loaded and trimmed, do not afford any margin whatever for eventualities, This was illustrated 
by the case of another ship also of type D. 

This ship completed loading in a hurry and went to sea with a list and trimming by the head, and 
also, I am afraid, slightly overloaded. Water had accumulated in the bilges at the fore end of the hold 
and this could not be pumped out, as a suct‘on was fitted only at the after end; the Captain thought to 
improve matters by filling the after peak. As the vessel only had 7 inches freeboard in the correct loaded 
condition the cumulative result of the above mentioned circumstances was that the freeboard was reduced 
to under 3 inches in which condition the vessel had a list which became worse and submerged one 
gunwale ; fortunately, the vessel was not far from land. 

It does appear therefore, that whilst it may be said that the stability of these vessels is sufficient, 
this is true only when they are very carefully handled and confined to the trades for which they were 
intended. 

I desire to add my thanks to Mr. Watt for his excellent paper. 


Mr. J. S. Ormiston. 


The stability and seaworthiness of the collier forms a subject of primary and opportune interest. 
The author gives us here a short but lucid paper on this subject. 

At the outset I should like to ask the author why he has limited his investigations in the paper to 
the well-deck type of collier. The title suggests a wider field, and there must be many colliers of the 
poop, bridge, and forecastle, or ‘three island” type. 

Doubtless the author’s answer would be found in the first paragraph of the paper, but it would have 
been interesting and instructive to have read a comparison of the merits, or otherwise, of the type dealt 
with in the paper, and the “three island” type for coal carrying. 

Again, on the same point, a complementary question I would put is, why the author has not 
included in the paper some investigation of the stability and seaworthiness of vessels of the well deck 
type and size dealt with in the paper, but which are to be seen in many British ports being loaded with 
more or less bulk cargoes of potatoes, sometimes grain, and other times with exceedingly “heavy” cargoes, 
such as pebble or stone ballast, pig iron, rails and marble slabs. 

I should like to ask the author whether peak tanks have been assumed full in arriving at the stability, 
in the light condition on page 2. Vessels of this type generally have long fore peak tanks; also the after 
peak tank is, I think, usually fairly capacious, being carried up to the raised quarter deck. 

The rolling experiments on page 3 are very interesting, and the small surface angle of 8° seems to 
indicate that shifting of cargoes in ships does not depend solely on a consideration of what might be called 
the natural angle of repose of the bulk cargo. Investigations which have been carried ovt in connection 
With this point show that the tendency of a cargo to shift depends in degree on tlie vertical height in the 
ship of the free surface of the cargo, and that, at the same level, some particles tend to shift at a less 
angle of inclination, and others at a greater angle of inclination when the ship is rolling, than when the 
ship is supposed inclined at a steady angle. This would appear to account for the difference between 
the angles found by the author as stated on page 3 for the angle of repose of coal, and the angle of shift 
of coal when carried in a rolling vessel. 

I cannot quite agree with the expression of opinion at the end of this section. The danger of loss 
through shifting of cargo should not be underestimated, 
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The hypotheses assumed in determining movements of @ stated at foot of page 8, must be, as the 
i author states, an extremely improbable one. If the coal is trimmed up into the hatchways which in 
vessels of this type usually have high hatchway coamings, it is unfair, I think, to assume further 
movement than the movement of the coal in the hatchway itself, and it is conceivable that a caleulation 
It based on this assumption would represent a more accurate picture of actual happenings, and might 
possibly give a bigger shift of G. 

The table on page 4 is interesting. This is an aspect of the problem which has been much studied, 
and, so far as I have seen, the earliest calculations must have been those referred to in Reed’s “Stability of 
Ships,” of calculations of stability of well decked ships given by Professor Elgar in a paper before the 
Institution of Naval Architects in 1884 from particulars of stability stated to have been supplied by 
Mr. Martell, of Lloyd’s Register of Shipping. The author comes to the same conclusions as then 
arrived at. 

It would appear from the quantities of water given in this Table on page 4 that the space occupied 
by the hatchways in this well must have been neglected. ‘This space would very much reduce the space 
which could be occupied by water shipped when in heavy seas. 1 should like to ask the author if the loss 
of righting arm given in this Table results from raising of centre of gravity of vessel due to presence of 
weight of water in well or if it includes also an estimate of the effect on the statical stability of the 
influence of the water in the well considered as free water. I should think this is the more important 
element in this matter. 

The small freeboard which has been permitted by paragraph 11 of the present Freeboard Regulations 
for vessels of the type dealt with in the paper has always been a matter of surprise to me, At 
the aft end of the well the smallness of the freeboard can only be remedied by giving the vessel plenty 
of sheer forward of this point, or as the author states on page 6, by having a short well or none at all. I 
certainly think in this respect that large hatchways having high coamings are beneficial in that they give 
at any rate a ‘‘ quasi” addition to the reserve buoyancy to the ship, and in addition provide a gangway at 
the centre line of the ship for the passage of the crew to and from their quarters. 

The principal danger is, I think, the one referred to by the author in his conclusion, namely, that all 
the hatch webs are not always fitted and in place. A happening I know of may explain such an apparent 
suicidal tendency on the part of the navigating staff. With cargoes, bulk or otherwise, carried by vessels 
having large hatchways it has actually been found impossible to put the hatchway webs in place as the 
ship had sagged transversely, and in the case to which I refer the cargo had to be restowed and retrimmed 
to reduced this sag until the hatch webs could be jammed in place. : 

I have to thank the author for his very interesting paper, and I think the Association is to be 
congratulated on the interest in its doings which has always been displayed by its first President. 


Dr. G. W. WEBSTER. 
The most interesting part of this paper, to my mind, is the table given on page 7, in which the 
author gives examples to show that reasonable behaviour can be expected from a vessel if the ratio of 4 


is kept within certain definite limits. This information is extremely useful, and, if conclusive, would be 
a very simple solution to a somewhat vexed question. bese 

At the foot of page 6, the reason for adopting “D” is given, but it is not clear why “B” is 
introduced. Presumably the ratio 5 is assumed to be some function of the initial GM. 

In the first place the GM as a measure of stability, even for the statical condition, is misleading, and 
far from conclusive, as, in fact, a comparison of the curves given in the paper will show, e.g., the ship B 
in “a” condition has a GM practically the same as ship C, but the value of the maximum righting arm 
in the latter case is nearly double what it is in the former. 

sae mp | : 
Further, the initial GM, does not vary with pcm be readily shown :— 
The height of the centre of buoyancy above the base can be written as a function of the 
2 


draught, and the BM is a function of =. 
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Therefore the height of the metacentre above the base can be written :— 
E ‘gil he 
KM =f, d + f, D 
Now, as Mr. Watt points out for the similar ships which are being considered, the draught is a 
fairly constant ratio of the depth. Thus the above equation can be written :— 
B? 
KM =f; D + f, D 
and the centre of gravity above the base can be taken as a fairly constant ratio of the depth. 
Thus the metacentrie height can be written :— 


; B 
GM =f, D + fT 
B’? 

‘Dp —f,D. 


B : ‘ : ; : 
jp May give a convenient comparison for these various vessels, it appears 


| 
to have little value as a comparison of the initial stability. 

Another very interesting result obtained by Mr. Watt is the small effect of the free water on the 
deck as shown by the curves of righting moments. It would be reasonable to expect that the added 
weight of water alone would have as much effect on the stability as shown by the curves without taking 
cognizance of the additional effect of the free water surface. Also, in the table on page 4, the remarkable 
reduction in the weight of deck water at 10° inclination in ships B and C is surprising. 

In regard to the subject of shifting cargoes, an extremely interesting and instructive paper was read 
before the Institution of Naval Architects nearly 30 years ago, by Prof. Jenkins. He dealt primarily 
with grain cargoes, but the principals involved are the same, and I think the reproduction of some of his 
results here will be interesting and not out of place. 

He deduced mathematical formula for the angle at which shifting will occur when a ship is rolling 
in still water and established many very interesting facts. 

1. When a ship is rolling, slipping takes place in the wings on the side of the ship about to 
descend (i.e., on the emerged side), at a smaller angle than when steadily inclined (‘.¢., the angle of 
repose), while slipping takes place in the wings on the side about to ascend at a greater angle than 
when steadily inclined. 


o 


—f,D 
=f, 


While, therefore, the ratio 


2. He concludes that there must be some point in the surface of the cargo at which the 
tendency to slip is neither augmented nor decreased by the rolling. In the sketch the plane A, B 
(and A,, B,) is obtained, and the following interesting result is deduced. 
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At whatever height be the free surface of the grain, that part of it lying on the upper side of 
its intersection with AB will shift if the vessel be rolling in still water, at a smaller angle than 
when steadily inclined ; the magnitude of the angle decreasing as the distance from the point of 
intersection increases, while that part lying on the lower side of the intersection with AB will not 
slide until a greater inclination be reached than that at which it would shift if inclined in still 
water, the magnitude of the angle increasing as the distance from the point of intersection 
increases. Thus if CD is the free surface of the cargo all surface particles enclosed between the 
planes AB and A,B, below their intersection at G as HF will exhibit less tendency to shift 
when the vessel is rolling than when steadily inclined at the same angle in still water, while surface 
particles lying between FD and CH will exhibit greater tendency to shift. 


3. Thus it follows that the higher the surface of the cargo in relation to G the greater the 
tendency for the cargo to shift when the vessel rolls. 


4. He also deduces the important fact that ‘The greater the stability the smaller the angle 
of inclination at which shifting of cargo begins, and 


5. Heaving (in conjunction with rolling) tends to further reduce the angle at which 
slipping occurs.” 


6. From (3) and (4) it will be noted that the most important factors in determining the 
angle of inclination at which shifting begins are stability and height and surface of cargo. 


In conclusion I should like to congratulate Mr, Watt on this presentation of his further 
investigations of the behaviour of vessels at sea. 


REPLY BY THE AUTHOR. 


I am extremely indebted to the very large number of members who have taken part in this 
discussion, for apart from any personal gratification it shows that the Association is very much alive 
indeed. 


Many novel and interesting points have been raised, and I am pleased to mark an increase in what I 
may term constructive criticism, and would like to see much more of it introduced into our discussions. 


A detailed reply would take more space than that of the original paper, but I will endeavour to reply 
briefly and in general terms to the various points raised. 


The most important points may be divided into three groups, viz., vertical centre of gravity, 
experiments with the hopper, and dynamical stability. 


1. VERTICAL CENTRE OF GRAVITY. 


It has been suggested that the weights given are high, and that the centres of gravity are also high. 
It must be remembered that I am dealing with a standard type, and results from actual ships have 
to be modified to correspond to the standard. This was done in all cases, and it was found necessary to 
discard a number owing to obvious errors in the method of conducting the inclining experiment. For 
example, in one case sent me a ship was drawing 1 foot 6 inches forward and 10 feet 9 inches aft, but no 
allowance was made in the value of K.M. for this extreme trim by stern. 


In order to make the matter clear a diagram has been added (Fig. V.) showing the K.G. of all the 
ships investigated. Experimental and calculated results are differentiated, and it will be seen that there 
is a satisfactory agreement, and the results vary very slightly on each side of the straight line. It may be 
added, however, that some margin is permissible here, as a variation of even one foot in the K.G. in light 
condition in ship “C” for example only means *35 feet in the load condition. 
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Fifty cubic feet of gross space per ton, as suggested by Mr. Shaw, is not too much to allow in view 
of the spaces left in the wings and between the hatches. It seems unnecessary to state that in all the 
calculations the fore and aft slope between the hatches was assumed to be the same as in the wings. The 
burning of bunker coal does not appreciably affect the stability, as a cross bunker is fitted in all cases, and 
there are no “tween deck bunkers. Further, the K.M. begins to increase with even a small reduction in 
draught. 
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The ship mentioned by Mr, Shaw, having large rise of floor and flared topsides, could certainly have a 


smaller : ratio, bub such ships are not now built for the coal trade. 


2. EXPERIMENTS WITH HOPPER. 


I have frankly admitted in the paper that the hopper experiments are not conclusive on account of 
the limited opportunities afforded, and of the restricted possibilities of such experiments even under the 
best conditions. It was more a case of opportunity than design. In order to make the method employed 
more clear a sketch of the appliance used is given in Fig. VI. The hopper was oscillated by means of 
tackle, and its motions were controlled by a band brake. The standard period employed was six seconds, 
and this was indicated by a pendulum fixed near the hopper. The time was varied in certain cases where 
the effect of a quick roll was required, and the full angle of 30° was attained in some cases on the second 
roll, and in a few cases by one sharp roll. From the observations made, and by a study of the conditions 
pertaining at sea, I think the results show that coal follows the angle of repose very closely, whether it be 
by means of rolling or pitching. 


TESA ht DRAUGHT 


Reference has been made to the investigations of Professor Jenkins, but these dealt mainly with 
grain, which is a very different substance from coal. More reliance is to be placed on the observations 
and investigations made by Mr. J. H. Donald, described, I think, in the “ Scientitic American ” about 
15 years ago. The observations were made on a steamer loaded with coal, making a trip from the 
Continent to America. A large pile of coal was carried untrimmed in the fore end of the bridge space, 
and during three days of very rough weather at the commencement of the voyage constant observation 
was made on the movements of this coal. He stated that the maximum roll was 15°, the angle of repose 
37°, and the final transverse angle 21° on each side. ‘The maximum pitching angle was 7°, and the final 
fore and aft slope 29°. The peak remained stationery throughout. These observations show that the 
angle of repose followed the angle of inclination throughout. He found the explanation of this in the 
interlocking effect of the irregular surfaces of the coal, and could observe no trace of the slipping action 
described by Professor Jenkins in relation to grain cargoes. In this respect I think he was right, as it is 
difficult to conceive the pitching and rolling of a ship to be sufficiently violent to produce appreciable 
slipping in a cargo like coal, at any rate, in all but fine pebbly coal. 


Assuming therefore, that in a broad sense at least, the angle of repose varies as the angle of roll, 
and shifting takes place at small angles of roll, the effect is tantamount to settling both transversely and 
longitudinally. The centre of gravity is lowered and the stability is increased, and this applies even when 
the holds are only partially filled. The case quoted by Mr. Ward of the coal being righted by the crew, 
is first of all a case of an unsuitable ship not designed for carrying coal, and in the second place the 
inclination was not produced solely by the coal shifting, and according to certain evidence the righting 
was at least partly obtained by water ballast in a topside tank. 


The movement of a coal cargo is illustrated in Fig. VII. Let it be assumed that the coal is stowed 
as indicated by the line E.B.J. The effect of rolling is indicated by the line D.A.C. on the left of the 
diagram, from which it will be seen that the wedge A.B.C. is moved to the position D.A.K. The centre 
of gravity is lowered, and the weights are winged out, and the seaworthiness of the ship is improved 
by each. It will be abundantly clear that even if we concede the argument that a greater movement 
takes place in the cargo than indicated in the paper, such movement can only result in a greater improve- 
ment in the condition of the ship. If again it be assumed that the vessel encounters such a violent roll 
that the coal shifts on one side only, a condition which I consider is impossible under sea conditions, the 
effect is to move the wedge F.B.G. to the position G.H.J., the centre of the wedge moving from h. to h,. 
The centre of gravity is lowered and this partly counteracts the heeling moment produced. This heeling 
moment is also partly counteracted by the action of pitching. This is the condition indicated by curves 
© in Fig. IIL of the paper, and as stated therein this condition is extremely improbable. 


Attention has been drawn to the little sketch showing a ship at an angle of 30°. This was added 
only to draw attention to what such an angle means, as it is frequently stated that this angle is 
exceeded, and my object would have been served by two lines, but the ship was added for pictorial 
effect. 


Now it is a principle of navigation that isochronious rolling should be avoided, consequently a ship 
must meet a wave in all stages of its travel, if a ship be rolling into the trough of a wave at one instant 
it must be rolling into the crest at another instant, and it is, I think, the failure to recognise that a wave 
has two slopes which is responsible for the exaggerated idea prevalent among seamen regarding the 
wonderful rolls experienced by them. It is true that in rolling a ship tends to take up a position normal 
to the wave slope, but this does not govern the movement of the cargo which is influenced by the angle 
relative to the upright position. 


3.—DynaMicaL STABILITY. 


Mr. Edgar has rightly pointed out that the behaviour of a vessel is influenced by the wave profile, 
and the vertical displacement, which varies from time to time. It is also influenced by speed, wind- 
pressure, and, as Mr. Thomson points out, by waves falling on the deck. When I started this paper I 
thought I could estimate the value of these factors, at least approximately, but I soon found out that I could 
not. Mr. Edgar does not attempt to do so, and Mr. Thomson, ignoring the effect of the direction of the 
wave and the position of the vessel, either as regards rolling or pitching, also leaves the problem, although 
he knows that a wave falling in the well, under certain conditions of roll, may act as a steadying or even 
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a righting force. Discussing the question with three naval architects of repute I was informed by each 
that they could solve the problem, and [ supplied them with all the particulars required for ship “C.” 
As the largest result was 250 per cent. in excess of the smallest, I must be pardoned if I quote from my 
paper, “‘the dynamic effect of wind, waves, and other external forces, is so subject to variation, both in 
direction and intensity, as to be practically indeterminate.” 


In this paper I have sought to determine some measure at least of the two prime sources of danger 
which are usually attributed to colliers and similar vessels, viz. :—shifting of cargo and water in the well, 
and have taken in some measure extreme conditions of each, conditions particularly in regard to water in 
the well which are not likely to be experienced, and if the residual stability is at least equal to that 
considered to be sufficient for ordinary vessels to which these conditions may or do not apply, then I 
think that an approximate standard at least has been established for the coasting collier. 


With regard to the minor points raised in the discussion, the following brief replies are given :— 


1. Stability calculations should include only such superstructures as are completely intact, 
and for this purpose structures fitted with overboard scuppers or temporary closing appliances 
should not be considered intact. Consideration may, however, be given to circumstances, as for 
example, the possible rate of inflow of water through the openings provided. 


2. The loss in virtual G.M. through free surface in the double bottom tanks 1s not so 
important at small angles as the value of G.Z. 


3. Colliers of the well deck type do not usually have temporary closing appliances in the 
bridge front, as these involve an increase in the freeboard. 


4. Open rails are always to be preferred to closed bulwarks, although the latter give a 
“feeling” of security. 


5. Consideration, as stated in the paper, has been confined to the usual well deck type, as the 
inclusion of other types would mean a volume instead of a paper. 


6. The proof of my remarks regarding vessels in restricted service is found in the fact that 
several firms have employed large fleets of such vessels for many years without a single loss. 


7. There seems to be no reason for commencing loading with water in the tanks unless it be 
on account of considerations of time. 


8. The height of raised quarter deck assumed was the standard height given in the freeboard 
regulations, but in accordance with general practice not less than 4 feet. The speed is from 
9} to 105 knots. 


9. Mr. Ward’s account of the timing of the hatches is interesting, but time should not be 
considered if it means sending a ship to sea before the hatches are properly secured, and vessels 
should not be sent to sea with coal on the deck, although it is sometimes done. 


10. Water in the peak tanks cannot be considered as forming part of the light weight. 


11, Analysis of the metacentric curves show that in the load condition K.M. is approximately 
equal to *425B, and as the proportions of B to D, and d to D, are nearly constant for the type of 
ship under consideration, it follows that K.M. is also approximately proportioned to the draught. 
Of course, as Dr. Webster points out, this comparison will not hold for vessels which depart 
materially from the type. 


12. There is, in my opinion, no doubt that in small vessels having short erections, the 
freeboards permitted by the regulations are too small. ; 


13. Opinion is general that the vulnerable point in the collier is the hatchway, and greater 
attention should be paid to the efficiency and proper use of the closing appliances. 


I conclude by thanking all who have helped to make this discussion so interesting and instructive, 
and also those who have given me valuable information on the subject, or have sent me criticisms 
although such may not find a place in the printed discussions, 
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Note py THe AUTHOR. 


Since the foregoing discussion took place, I have received much useful information from various 
sources regarding the technical data given in pages 1 and 2 of the paper. It has been pointed out that 
the centre of gravity in the light condition for ships “ B” and “C” appears rather high, and that the 
weight of ship ““C” is excessive when compared with ship * B,” and also with other ships of somewhat 
similar dimensions. 

With regard to the question of centre of gravity, it does appear from an investigation of the 
additional information that the figures given in the paper are higher than the average (although they 
represent actual ships), but the effect on the load condition, which is the basic condition of the paper, is 
to reduce the K.G. and increase the G.M. by about 2 to 8 inches. 

The weight given for ship ‘“‘C” relates to a fleet of 12 ships varying only slightly in dimensions. I 
am informed, however, that the specification is heavier than the average collier, as the conditions of the 
voyage as regards time and tides necessitated a sea speed of not less than 11 knots. This called for the 
fitting of larger engines and boilers, a larger propeller which lifted the engines 15 inches above the normal 
position, and as the vessels were designed for self-discharging and loading, a heavier outfit of deck 
machinery and gear. Allowing for these excesses, the deadweight given in the table might be increased to 


QO. 


3,300 tons, and the G.M. in load condition increased abut 4 inches, 


THE MANUFACTURE OF SOLID DRAWN STEEL 
TUBES AND AIR RECEIVERS, 


By J. PRINGLE. 


Reap 4TH NovemBer, 1925. 


Before describing modern practice in the manufacture of solid drawn tubes and air receivers, perhaps 
it may be of some interest to our members to give the history of the first tubes made. 

The method of tube making was conceived from the old type of musket barrels used in the wars 
occasioned by the French Revolutions and when these were over, gun makers were at a loss what to do 
with their gun barrels. About this time coal gas came into use and the original gas pipes were made with 
gun barrels secured to each other by screwed ends. 

The making of tubes was invented by James Russell. These tubes were made from a piece of 
iron called a “skelp” about three feet long and four inches wide at one end but thicker and broader at 
the other, The tubes were formed by forging out skelps to the proper dimensions and then bending 
them in cylindrical form until the edges overlapped so that they could be welded together, 

Russells’ invention of tube making was really an extension of the old idea of gun barrel making 
but instead of being welded by a hammer on a mandril, they were welded by a machine worked with a 
lever jaw, which necessitated heating and reheating each tube eight or ten times during its manufacture, 
By this process which was in use in 1811 the length of the tubes was restricted to six feet. 

In the year 1813 Mr, Cornelius Whitehouse introduced a method of welding tubes by drawing the 
red hot skelp or barrel shape through a pair of tongs. 

In the year 1858 welded tubes of any desired length were made by means of grooved rolls and 
it is stated that one firm in Wednesbury made many miles of boiler tubes and gas tubes in that year. 
This process was actually introduced in 1825. 

It is stated that cold drawn weldless steel tubes were introduced in the year 1872. 

Solid drawn steel tubes are very largely used in almost every branch of the engineering trade, and, 
as the engineer has little opportunity of studying their manufacture, the writer will endeavour to describe 
the various operations. 

There are several classes of tubes, for the manufacture of which, different grades of steel are required, 
and it bas been a very interesting experience to have been associated with practically all the various 
specifications ; however, the writer proposes to deal only with the manufacture of marine boiler tubes, 
steam pipes, and air receivers. 

Solid drawn steel tubes are made from round or square billets, and these are selected according to size 
required. 

It used to be a very difficult problem to the tube makers to procure the proper steel for tube 
making, as it is worked in an entirely different manner to other steels, such as forgings or rolled material. 
Prior to 1912 the only source of supply was from Sweden, but it is pleasant to be able to say that 
British manufacturers now supply the greater portion, although it was some time before they could 
produce material equal to the Swedish steel. : 

For tube making it is necessary to use a steel very low in sulphur and phosphorous, and free from 
rokes and hair lines. It is the writer’s opinion that the billet should have the same amount of work put 
upon it when being rolled from the ingot to billet form as is done upon a rough forging made from a 
steel ingot. , 
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This is very important because the various processes through which the billet has to pass before it 
comes to the finished tube have to be effected without any machining, with the exception that in some 
cases where the billet, after being formed into a hollow bloom, is found eccentric, it is necessary to 
machine the bloom to make it concentric, otherwise, the bore of tube when finished would be eccentric, 
and the whole of the time occupied in producing it would be wasted. 

The usual method of tube making involves two distinct operations, namely, piercing and finishing. 
There are two methods of piercing, rotary and hydraulic. In the former, round billets are used, but in 
the latter, either round or square billets may be used. 

Before being pierced an impression is made in the centre of the billet at one end to ensure that the 
punch takes the centre, and thus ensure that when the billet is formed into a hollow bloom its bore is 
concentric. 

The rotary piercing machine consists of a pair of rolls, larger in diameter at mid length and tapering 
at both ends, revolving side by side and set at a distance apart from each other sufficient to permit the 
billet to enter the rolls. The axes of the rolls are not in the same plane, but oblique to each other, and a 
dummy roll is placed at the top to prevent the billet rising above the centre of the oblique rolls. 

The billet is heated to about 1250° C. and is put between the rolls, which cause it to revolve, at the 
same time drawing it forward into the smaller space between the larger diameter of the two rolls. The 
outside wall of the billet is thus very severely compressed and the metal flows longitudinally forward, 
forming a rough cavity. A mandril or bar is placed at the formation of the cavity; this mandril 
regularises the hole, and at the same time shapes the hollow, which otherwise would be of a spiral shape. 


It will be seen that it requires a perfect steel for this method of piercing, otherwise it would not 
withstand the severe punishment to which it is subjected. There is one advantage to the tube makers in 
employing this process, and that is there is no waste of material other than that due to the formation of 
scale. 

The hydraulic piercing is done by inserting the billet, after being heated to a suitable temperature, 
into a cylinder central with the hydraulic ram, to which a bar is attached with the piercing end spherical 
and slightly larger than the bar, so that the punching bar frees itself after the billet is pierced. 

The cylinder of the hydraulic press is bored just large enough to allow the billet to enter, so that 
whatever displacement of material takes place during the piercing is in the direction of the length of the 
billet; this elongation varies according to the size of the hole pierced. The billet when pierced is there- 
fore longer by the amount of metal displaced. There is a certain amount of scrap by this method, which 
adds considerably to the cost of production, as compared with the rotary piercing process. 

After the billet is pierced it is called a hollow bloom and, before putting any work on to it, it is 
gauged for concentricity and, if necessary, is bored or turned to ensure that the hollow bloom, going 
through the various stages to the finished tube, will be concentric. 

The next process is hot rolling, which is done through a series of semi-grooved rolls (see Fig. 1) 
diminishing in sizes. 

The hollow bloom is then reheated and passed through each groove. As the tube leaves the rolls it 
is forced against a plug central with and opposite to the grooves; the plug is fitted on the end of a bar 
and the butt of the bar is held by means of a fixed stop. 

The plug is slightly larger than the bar (the plugs being interchangeable according to size of 
bore required), so that when the hollow bloom has passed through the first groove of the rolls the bar is 
withdrawn and put in the second groove, and so on, until the bloom is rolled down to the size required. 
This is repeated several times to ensure the bloom, or what is now called a hot rolled tube, being round 
and the walls true. 

Another method of hot rolling, which is really the more modern, is by the Pilger process. This 
process saves time and reheating of the hollow bloom, as the pierced billet is put into the Pilger rolls 
without re-heating. 

In the Pilger process the hollow bloom is threaded on to a mandril bar and is kept up to the rolls by 
means of springs. The rolls are what we might call fuller shaped (see Fig. 2). The feed is 
regulated by a screw device at the back of the rolls, an arrangement is fixed at the back of the carriage 
which allows the hollow bloom to take a turn through 90° during each revolution at the time when the 
rolls are not biting, this avoids the formation of fins on the exterior of the tube. 
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The mandril bars are rather an expensive item in this process. Owing to the heavy pressure put on 
them they require to be made of very high tensile steel, and, instead of being turned, they are finished to 
size in a cool state between swages under a hammer which produces what is called a planished bar. 

The hot rolled tube is subsequently nozzled or tagged (see Fig. 3) under a hammer for about 
6 ins. up at one end to a smaller diameter than the finished tube required so that it will allow the nozzled 
or tagged end to pass through the die to permit of its being gripped by pliers attached to an endless 
chain belt. 

The hot rolled tube is now ready for cold drawing, but before doing this, it is annealed, then pickled 
in a hot bath, containing one part sulphuric acid and forty parts water, to remove all scale- left from the 
hot process. It is subsequently put into a cold water bath, and well brushed, to remove all traces of the 
acid, and is then lubricated with soap and oil before cold drawing. 


One method of cold drawing for tubes up to 6 in. bore, is by means of a machine consisting of a 
long cast iron bench fitted with an endless chain, driven by a sprocket wheel at one end and running over 
a loose drum at the other end. The die which is of a bell-mouthed shape to allow the tube to enter freely 
is then fixed at the drum end, and the mandril at the back end of the bench is held by an adjustable 
stop, so that the operator can set it in the required position, and make any readjustment rendered 
necessary by wear. 

The mandril is a long bar staved up at one end for about 2 ins. and turned to the size required to 
permit of the tube being passed freely on to the bar. The nozzled end is fed through the die and gripped 
by the pliers attached to the endless chain by a loose dog, and the tube is drawn through the die and over 
the turned part of the mandril at the same time (see Fig. 4). 

The tube is then annealed, pickled, and washed as before and, after being lubricated with oil, is 
ready for the second pass. This process is repeated between each pass until the tube is drawn to the 
required size. 

It is well known that cold work on steel produces what is known as strain hardness, which means 
an increase in the ultimate stress of the metal, with a corresponding decrease in the ductility. It is, 
therefore, necessary between each pass for the tubes to be annealed at a temperature sufficiently high to 
get rid of the strain hardness. 

The approximate reduction on the tube at each pass on the cold draw bench is about 2 gauges in the 
thickness, and the diameter of the tube is reduced by about } inch. 

Great care has to be taken in keeping the turned part of the mandril finely finished, otherwise the 
inside surfaces of the tubes will show lines or grooves, and these are very difficult to remove. Where 
these defects occur the tubes are usually rejected, because they would not withstand the expanding test. 
By way of experiment the writer has taken a sample from a tube showing these lines and found that 
it stood the crushing test without the lines opening up, but a piece from the same tube split in the 
expanding test. In view of this experience it appears that the expanding test is one of the best 
introduced for detecting defects in boiler tubes. 

After the final pass on the cold draw bench the tube is straightened and examined for surface 
defects, then cut into lengths and gauged for concentricity, and if the tube is satisfactory it is finally 
annealed, restraightened, examined internally, and tested by hydraulic pressure. The tube is then ready 
for the inspector to carry out his tests in accordance with the specification. 

The usual procedure of inspection is to select material tests, and if these are passed the tubes are 
then placed on trestles for inside surface inspection. ‘This is done by the inspector looking through the 
tube from one end while a shaded electric lamp is held at the opposite end. The external surfaces are 
examined during the time that the tubes are being unloaded from the trestles, and if satisfactory, each 
tube is stamped with the inspector’s private stamp before despatch. 

Perhaps the writer may be allowed here to give his first experience of tube inspecting which occurred 
over 15 years ago. 

An order for 30,000 boiler tubes under a foreign government specification was submitted, and on the 
first few batches the rejections were about 20 per cent. 

The question of the number of rejections was taken up with the management, and it was then stated 
that there was no works inspection on these tubes. Since then, all tubes are subjected to a works 
inspection before being submitted to the inspector, with the result there are very few rejections, so far as 
the surfaces and gauging is concerned. 
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SOLID DRAWN STEEL STEAM PIPES. 


The method of making pipes over 6 inch bore is very similar to the manufacture of the small tubes, 
but the plant used is, of course, very much larger. 

Billets are selected according to the size of pipe required. They are produced by rotary or hydraulic 
piercing, but instead of being rolled in groove rolls, they are either drawn in large size Pilger rolls, or by 
hydraulic presses. (See Fig. 5 for the latter process). 

Having already described the process of hot drawing through the Pilger rolls, the writer will now 
endeavour to describe the method of hot drawing by the hydraulic press. 

The billet having been pierced, the hollow bloom in the same heat is put on to a hydraulic ram and 
is then forced through two dies to reduce the pipe to the size required. By this operation the pipe is 
almost contracted on to the ram, and to release it a gag is placed between the die head and the ends of 
the pipe, while the ram is withdrawn. 

The pipe at this stage is machined to ensure that, it will finish concentric; at the same time it is 
examined for surface defects, and, if satisfactory, it is nozzled or tagged in exactly the same way as the 
smaller tubes, although not for the purpose of allowing the pliers to grip, but to enable the mandril or 
parallel bar to be pushed up against it internally during the process of cold drawing. 

The hot drawn pipe is now annealed, pickled and oiled and is reidy for the first pass. 

The method used for cold drawing large pipes is by a hydraulic press. _The mandril is inserted into 
the pipe and it is pushed right up to the nozzled end, then both mandril and pipe are forced through the 
die by the hydraulic ram. (See Fig. 6). 

Having passed through the die the pipe is tight on the mandril and in order to release it they are 
put through a reeling machine. 

The reeling machine consists of two rollers with a bottom bearer or guide, this is placed sufficiently 
low for the pipe to rest on and keep it slightly below the centre of the two rolls so as to prevent the pipe 
from jumping out as the rolls revolve; the pressure it receives slightly expands the pipe as it passes 
through and thus permits the mandril to be withdrawn from the pipe. 

The pipe is again examined, annealed, pickled and oiled as before for the second pass and this process 
is repeated until the pipe is cold drawn to the required size. 

It is now examined externally and internally for surface defects, subsequently cut to length and 
gauged for thickness and if satisfactory the pipe is finally annealed, straightened, oa is now ready to put 
before the inspector. 

The usual practice of testing pipes is to select tensile, flattening, crushing and drifting tests from 
each size of pipe and if these pass the specification the pipe is examined and stamped in a similar manner 
as the small tubes. 

In the writer’s view it is an undoubted fact that the solid cold drawn pipe is replacing the lap-welded 
pipe as there is a greater likelihood of the latter failing under pressure owing to the welds giving out. 

It will be seen that it is much more costly to produce the cold drawn tube owing to the vast amount 
of work it passes through before it becomes the finished pipe. 

Some engineers order what is called a hot drawn pipe (hot finish) but these are not so highly finished 
as the cold drawn pipe nor as accurate to dimensions although they are much cheaper to produce, 


COLD DRAWN STEEL AIR RECEIVERS. 


Having described the manufacture of solid drawn tubes and steam pipes, a description will be given 
of operations in the manufacture of cold drawn air receivers. 

Many improvements in the manufacture of air receivers have been brought about in recent years’ 
and it is now possible for a firm in the Sheffield district, who claim to be making larger receivers than any 
other firm in the country, to make seamless receivers up to 24 ins. diameter. 

Receivers are manufactured from square billets; these are carefully inspected for defects, and the 
analysis and mechanical properties are ces from each cast of steel on arrival at the tube makers’ 
works. 

The billet is selected according to size and weight required for the finished receiver. It is heated to 
a suitable temperature and placed in a cylinder and pierced by a vertical hydraulic press in a similar 
manner to tubes and steam pipes, except that for the receiver with a solid base an indicator is fixed on the 
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ram of the press to determine the distance the punch is to travel, so as to retain a solid base. During 
the piercing the metal flows upwards. After the billet is pierced, and in the same heat, it is put on toa 
hydraulic ram and forced through two dies similar to those shown in sketch No, 5, and the resulting hot 
drawn rough receiver is stripped from the ram, by means of a gag, as the ram is withdrawn by the 
hydraulic cylinder. 

* The number of hot passes the receiver is subjected to is determined by the size required, each pass 
of course thinning the walls and extending the length. 

The next operation is one of turning in the lathe, This is done on all receivers to ensure that they 
will finish concentric, and at the same time the base is machined to the required thickness of the finished 
receiver. 

During this operation it is inspected for surface defects, as this condition is most favourable for 
exposing any defects in the steel. 

The receiver is now ready for cold drawing, and is given a series of cold drawn passes through dies, 
but first of all it is anneaied, pickled, and oiled exactly in the same manner as the tubes and steam pipes. 
This is repeated between each pass until the receiver is drawn to the size required. 

The cold drawing having been completed, the receiver is left in the unannealed state for the 
inspector to examine internally and to check the thickness of walls and base. 

Tensile, cold, and temper bends are stamped at the open end (see Fig. 74) and the ring with the 
inspector’s stamp is then cut off. 

During the next operation the receiver is necked down to size by swages under a hammer or press 
(sve Vig. 73). The receiver and detached ring are put into a suitable annealing furnace and annealed 
together, The material tests are then prepared and tested. If the results are satisfactory the receiver 
is hydraulically tested to the pressure specified and, if this test is also satisfactory, the receiver is stamped 
with the inspector’s private stamp. 

An identification number is stamped on the top end of each receiver, and this number is also given 
on the tesb pieces, so that a complete record is kept and the history of every receiver is available at any 
time, 

Having endeavoured to describe the various operations by which cold drawn tubes, pipes, and air 
receivers are made, the writer trusts that this contribution to the transactions of the Staff Association 
will be of some interest and assistance to the members. 
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DISCUSSION ON MR. J. PRINGLE’'S PAPER 


ON 


“THE MANUFACTURE OF SOLID DRAWN STEEL 
TUBES AND AIR RECEIVERS.” 


Mr. 8. F. Dorey. 


Mr. Pringle has given us a usefu! paper on a subject which has advanced in importance in recent 
years, and it is hoped that further interesting information will be forthcoming in the discussion. 


In connection with the history of steel tube-making, perhaps Mr. Pringle could say whether the 
method employed by Mr. Whitehouse was butt-welding, and if this method is employed nowadays. One- 
and-a-half inches in diameter appears to have been the largest size manufactured by this process. 


The most important discovery in connection with the manufacture of solid drawn tubes was the 
rotary piercing process introduced by Mr. J. Robertson, of Glasgow, in 1869, and brought into satisfactory 
practical use by Mannesmann about 1885. 


With regard to the use of square and round billets in the hydraulic process, could Mr. Pringle give 
the advantages claimed for the square billet over the round, other than that it may be more convenient 
and economical ? It is noted that so far as air receivers are concerned only a square billet is used. 

It would also be interesting to know whether, apart from air receivers, it is often necessary to machine 
the hollow blooms. In the Pilger process the piercing and pilgering operations are performed in one 
heat, so that, in general, with this system, the hollow blooms are not machined. 


The following particulars regarding the qualities of steel ingots used for making tubes, &c., by the 
Pilger process may be of interest :— 


Tubes. Mandrils. Air Receivers. 

Tensile strength tons per sq. inch pee 5) ae g eect DUO” Wnnqsstaee 31°75 
Elongation on 2" “oe ay imag) jim dees Bt wil tesserae 36 
Carbon ... me is ye ioe SUZ Tetad Oeeviscess HS) Diwasts.2, 262 
Silicon... ae nee er ves DOO seasesees P20 ee conwres es "198 
Sulphur ... O20) Pacers sss: OBS ie vscaccsas "028 
Phosphorus ses sce a poe Rt ORONMI TS, concen t0D a ieeseer tes 040 
Manganese OE cs otc hee eon lbone “708 


The above are the averages from a number of results from different steel manufacturers. 
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With regard to the use of hot or cold drawn tubes for steam pipes, it would appear that while the 
Admiralty require these pipes to be cold drawn, the general practice in the Mercantile Marine is to use 
hot drawn tubes (where seamless tubes are specified), and it is a moot point as to whether the extra cost 
of the cold drawn tube is compensated for by the reduction in thickness allowed. 


Also, while it is appreciated that cold drawn tubes are required in water-tube boilers, the necessity 
for such in cylindrical boilers is not so apparent, and hot drawn tubes should be quite satisfactory. In 
this connection lap welded tubes might even be preferable to the seamless tubes on account of cost and 
weight. 


The question of tolerance plays an important part in the manufacture of tubes, and it would be 
interesting to know whether the allowance of 10 per cent. variation in thickness, as stated in the suggested 
specification for tests not required by the Rules, is found to be usual in general practice. 


Mention is made of the fact that before going through the cold drawing process air receivers are 
turned in the lathe. Could the author say whether this is the general practice for small air bottles, as 
well as receivers, in this country and on the Continent ? 


If Mr. Pringle would state approximately the amount that generally has to be machined off the 
body of the receivers at this stage, this would give an indication of the efficiency of the hot drawn process, 


Further information regarding the annealing of hot and cold drawn tubes and receivers, especially 
between the drawing stages, would be much appreciated. For normalising the tubes about 900°C. would 
be a satisfactory temperature. With regard to the annealing between the drawing stages this temperature 
would appear to be too high. If the annealing between the passes is carried out at a lower temperature, 
say between 600° and 700° C., thus “ balling” the pearlite, the tensile strength and elastic limit will be 
much reduced, the former to about 14 tons per square inch, and the ductility and softness of the material 
will be greatly increased, qualities much to be desired in the drawing process. The normal structure can 
then be adjusted by suitable heat treatment. 


It will be seen, therefore, that the correct heat treatment of tubes and receivers is of vital importance, 
and it is suggested that the following information would be useful, viz.: tensile strength and elongation 
of the tubes before and immediately after one stage of the drawing process; the temperatures at which 
the tubes are annealed between the drawing stages and on completion ; and approximate time of annealing 
the tubes at these stages. 


Mr. D. L. H. Connrson. 


I have read Mr. Pringle’s paper with great interest, especially as I have recently been in the Sheffield 
district, and haye had an opportunity of seeing under actual working conditions the processes described 
therein. 


In connection with the Pilger process, described at the bottom of page 2, I am told that the rolls 
wear oub very quickly, and this I can readily understand, as the process is really a series of blows, rather 
than a rolling process. I should be glad if the author will inform me what is the life of these rolls 
compared with the semi-grooved rolls shown in Fig. 1, also whether the advantages obtained by the Pilger 
process are not outweighed by the frequent cost of renewing the rolls. 


In conclusion, I should like to congratulate the author on the general excellence of bis paper, and 
particularly on the clear way in which he has described the various processes. 


Mr. D. GEMMELL. 


On page 3 Mr. Pringle states that a piece cut from a boiler tube withstood a crushing test, while a 
piece from the same tube failed when subjected to an expanding test, and that the latter test is therefore 
one of the best for detecting defects. It is undoubtedly a test which each individual boiler tube has to 
stand in being expanded into the tube plates, but as far as the revelation of defects is concerned, the other 
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tests are of equal value. I have taken samples of tubes and found them fail in the crushing or flattening 
tests, while the expanding tests revealed no defect. The crushing test invariably shows up hair lines on 
the exterior of the tube. These lines are often surface scores, and they open considerably under the 
crushing test through the bulging of the piece outwards, 


Mr. Pringle mentions that the tubes are annealed and pickled between each pass. I would like to 
know if close or bright annealing is adopted by any of the tube manufacturers and pickling dispensed 
with, 


When tubes have been steeped for some time in the pickling bath, seams or fine cracks come into view 
distinctly. I would be interested to know if the percentage of tubes rejected after each stage of annealing 
and pickling varies towards the final draw. 


It would be interesting if mechanical test results were obtainable taken from tubes at the various 
stages of annealing during manufacture. This would give us a very clear idea of how the ductility 
increases with the amount of work expended on the tube. 


In connection with air receivers, Mr. Pringle states that square billets are placed in a cylinder, and 
that during piercing the metal flows upwards. I should think that the metal would flow radially to fill 
the segmental spaces between the flat sides of the block and the internal surface of the cylinder, and that 
there would be little upward flow at all. Is the hydraulic method used to a greater extent than the 
rotary method in piercing billets for tubes ? 


Solid drawn tubes are very often slightly eccentric, and I think it might be useful if Mr. Pringle 
would tell us how much eccentricity is allowed in passing the tubes during inspection. 


Mr. A. Ewa. 


We are all familiar with solid drawn tubes and air receivers as finished products, but few of us have 
had much experience in their manufacture, so it is a privilege to have the processes explained to us by a 
colleague from the heart of the industry. 


I have had very limited experience in the manufacture of tubes by the rotary piercing process, and 
can appreciate the author’s remarks regarding the necessity for inspection at the various stages of 
manufacture, and also the importance of the expanding test of the finished tubes. 


Regarding the hydraulic piercing, the author states that there is excessive scrap when using this 
method, Is this due to more necessity for turning to ensure concentric hollow blooms, or is it due to 
greater end discard than with rotary piercing ? 


It would be interesting if the author would give us an idea of the physical tests carried out to ensure 
that the billets are of material fit to stand the punishment of piercing and drawing the tubes. 


I join with others in thanking Mr. Pringle for his interesting paper. 


THe CHarrMAN (Mr. J. CARNAGHAN.) 


Mr. Pringle has given us an excellent paper dealing with the manufacture of a class of tubes, pipes 
and air receivers which at present are very much in evidence in marine engineering practice. For this 
reason his paper on this subject should be of great interest to those of his colleagues who have not had 
experience in the manufacture of these articles. The clear descriptions of the various processes dealt with 
are also of considerable interest to those who like myself have been fortunate enough to have been in 
touch with practically all existing methods of tube manufacture, and also with others which have not 
been universally adopted. 
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There appears to be a slight slip in the description of the hot rolling process (page 2, paragraph ii), 
where it is stated that the bloom is passed through each groove. It is evident that this is not actually the 
case, because in the following paragraph it is made clear that the bloom is only passed through sufficient 
grooves to form the desired size of tube and to ensure that its walls are round and truly concentric. 


The only serious fault which may be found with this paper is that it is if anything too short, 
therefore I hope the author will forgive me for suggesting that a description of the plant used for testing 
the finished air receivers and for noting whether there is any permanent set after the application of 
the hydraulic test would be of added interest. 


One does admire such clear statements as that on page 4, viz.:—*In the writer’s view it is an 
undoubted fact that the solid drawn pipe is replacing the lap welded pipe, as there is greater likelihood of 
the latter failing under pressure owing to the welds giving out.” 


It should however be remembered that makers of lap welded tubes claim that this type is, if not 
superior, at least not less perfect than the solid drawn pipes. One of their claims appears to be that the 
thicknesses are more uniform in lap welded than in solid drawn pipes. 


It may be observed that the unified Rules of the Board of Trade and the Registration Societies 
favour the solid drawn steel pipes as compared with lap welded, as they permit of the thickness of the 
former being approximately 75 per cent. of that required for the latter for the same size of pipe and 
working pressure. ‘There is no doubt that each type of tube has its own realm of suitability and that, so 
far as high pressure pipes are concerned, it is the general practice to use solid drawn steel pipes for steam, 
air and oil. 


Tt will be gathered from this paper that the utmost care has to be exercised throughout the manufac- 
ture of solid drawn steel tubes in order that the finished product may be free from defects, but it should / 
also be clearly understood that further care should be taken in any subsequent treatment of these tubes or 

pipes. From personal experience it is thought advisable that any bending or shaping of pipes of large 

bore which may be necessary should be done at the makers’ works, as all facilities are at hand and there 

is less likelihood of the material being wrongly treated. One instance might be cited to illustrate this 

point, viz.:—A number of solid drawn cold finished steel pipes, ranging from about 5 inch to 12 inch 

bore, were delivered in straight lengths to the buyers, and after about 60 per cent. of these pipes had been 

bent and annealed, some of them showed cracks in several places, others were covered with fissures, and 

the remainder were apparently without defects. Upon enquiry it was found that during the process of 
manufacture these pipes were subjected to very strich inspection. ‘The blooms from which the pipes 

were made were rough turned and examined. Each pipe was subjected to six passes through steel blocks 

or dies, and between each of tliese operations the pipes were annealed, pickled and examined for defects. 


At the final operation each pipe was annealed and examined before being submitted for the 
inspection of the surveyor. There were therefore nine examinations in all of each pipe, and it appears 
reasonable to conclude that if there were any apparent defects these could not have been overlooked, and 
that the defects developed during the process of bending the pipes were attributable to the methods 
employed by those who undertook the latter work. 


In conclusion, I have to thank Mr. Pringle for his paper and to assure him that it is a very valuable 
addition to the Transactions of the Staff Association. 


CORRESPONDENCE, 
Mr. J. HARBOTTLE. 


Mr. Pringle’s paper is very interesting, both from a practical and historical aspect. I have a copy of 
the original patent claimed by Whitehouse in 1825, which may be of interest. It is as follows :— 
“No. 5109. I prepare a piece of flat iron, commonly called ‘plough plate iron’, of a suitable substance 
and width, according to the intended calibre of the tube. ‘This piece of flat iron is prepared for welding ) 
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and the piece attaining the form of a long cylindrical tube. This tube is then put into a hollow fire 
heated by a blast, and when the iron is upon the point of fusion it is drawn out of the furnace by means 
of a chain attached to a draw bench and passed through a pair of dies of the size required, by which 
means the edges of the iron will become welded together.” 


hy being bent up on the sides, or as it is commonly termed ‘turned over,’ the edges meeting, or nearly so, 


The pipes, made like gun barrels, were spirally welded, which not only increased the strength of the 
weld but, as in the case of gun barrels, gave a beautiful marbled appearance when the gun barrel was 
polished. 


Mr. Pringle has probably come across a process of making large tubes, some as much as eight feet 
diameter. A steel billet is pierced into tubular form, then a steel roller is inserted not shorter than the 
size of the tube desired. The tube is rolled the desired thickness, while the length is increased (the 
length of rolier limiting the length of tube.) 


There are so many methods employed in the making of tubes that unless one is in close touch with 
tube making his knowledge is soon out of date. 


The Mannesmann process, introduced about 1800, to be followed by the Stiefel process, provides for 
tubes of one thickness throughout; but very often a taper tube is required, and I think Mr. Pringle 
should give us a description of the latest method of performing this operation. Taper tubes are used 
for tubular davits, pillars, &e. I think it is Ricketts’ process which provides that in drawing tubes 
through dies and over a bulb-headed mandril, the mandril should be of a slightly tapering form, and 
should have very slow longitudinal travel working automatically with a ratchet or worm feed. Thus the 
Space between the mandril taper and the die, which space decides the gauge of tube, is gradually 
widened, thereby producing a tube of gradually increasing gauge and therefore with internal taper. 


Another method which gives external taper is obtained by using as a die a pair of rollers provided 
with circumferential grooves with gradually increasing sweep. These rollers revolve in unison, and as 
they do so the die formed by the two grooves, while ¢ lways remaining cireular, increases in size, thus 
making the tube taper. Tubes after cold drawing should always be annealed, and after annealing 
should be pickled to remove oxide of iron. I believe attempts have been made to do away with pickle 
by bright annealing. This is brought about by placing the tubes in ovens not surrounded by air, 
which has an oxidising effect, but by another gas.’ 1 think coal gas has heen tried successfully, but can’t 
say, perhaps Mr. Pringle can tell us, and if this method is in any way deleterious to the material. There 
is another process of removing the scale electrically by making the tubes anodes in an almost neutral 
bath and introducing lead or iron plates as cathodes. 


Mr. Pringle has given us a large amount of information on a subject which is not generally known, 
and I hope that later he will give us a further paper on die and press work. 


Mr. H. McCriricr. 


Mr. Pringle has put before us a most interesting paper on the Manufacture of Solid Drawn Steel 
Tubes and Air Receivers. 


The remarks concerning the high pressure solid drawn steel air receivers come at a very opportune 
time, as with the increasing use of Diesel Engines for the propulsion of ships, these air receivers are 
coming more under the notice of the surveyor either in the finished or semi-finished state. 


In the sketch No. 7 the author has confined his remarks to a receiver with a solid base, This 
appears to me to be a very expensive type of receiver to manufacture, as a tube necked down at each end 
and screwed to take an end flange for top and bottom would equally meet the case. It would be 
interesting to know the difference in price of a solid base against a necked-in base, and also if the tube 
with a solid base is not more difficult to manufacture. 


During the past few years one firm on the Clyde has been manufacturing over 100 solid drawn steel 
air receivers per year, the tubes for these receivers have been supplied from Sheffield, and vary from 
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12 inches to 18 inches in diameter, each end is necked or swaged down to about 4 inches diameter, the 
swaging down is accomplished by the tube end being heated three or four times according to size, and 
three men can do the two ends of one receiver in a little over one hour. 


Out of about eight hundred tubes treated in the above manner only one has been rejected, owing to 
a defect showing up during the swaging in of one of the ends. 


In the drawing ont of tubes about 12 inches diameter, which are specified to have a cold finish, it 
would be interesting to know what will be the size of the tube when the cold drawing process starts. 
Mention is also made in the paper of cold drawing producing strain hardness ; what difference in the 
mechanicad tests is likely to be found due to this strain hardness before and after annealing, and also 
what annealing temperature is considered necessary to remove this strain hardness ? 


Mr. A. CAMPBELL. 


The paper by Mr. Pringle on the Manufacture of Solid Drawn Steel Tubes and Air Receivers is 
quite interesting, especially to those surveyors who have not had an opportunity of visiting tube-making 
works, 


With regard to the air receivers, I should prefer the type which is made out of the solid drawn pipe 
and both ends necked or swaged down with easy curves; this type is easier to clean out than that type 
with the solid base and comparatively sharp corners (Fig. 7). 


I suppose most of these air receivers are tested by hydraulic pressure at the makers’ works to 
2,000 Ibs. per square inch. I should like to ask Mr. Pringle if he has ever known the base of flat-ended 
receivers to show signs of leakage at that pressure. 


Mr. W. Burusr. 


While I was stationed in Pittsburg, we had to inspect some very large, solid drawn steel, air 
receivers. 


They were made by the hot process throughout, and were not turned at all during manufacture 
and did not require it, as they were found to be concentric, true to gauge and free from surface 
defects when presented for inspection previous to swaging. 


These receivers, and all receivers we tested at this works, were made of alloy steel of high tensile 
strength, 40 to 50 tons per square inch, The method of testing described in the paper was followed, 
but duplicate test pieces were kept for use should the receiver not be satisfactory under hydraulic tests. 


The hydraulic tests were carried out in the following manner :— 

The receivers were tested by water pressure in a closed tank, which was also filled with water. 
Pumping up the pressure in the receiver caused it to expand and displace the water in the tank; the 
amount of water displaced, and therefore the expansion of the receiver, was registered by the glass water 
gauge connected to the tank. The full test pressure was held on the receiver for a few seconds, during 
which time the water level had to remain steady. If the water level kept rising it showed that the 
materia! was either too soft or porous ; in any case, the receiver was returned for further heat treatment, 
which was done by the sanction and under the supervision of the Surveyor. 


The duplicate test pieces were heat treated along with the receiver and afterwards tesied by the 
surveyor. If the material tests were satisfactory the receiver was again water tested, and if satisfactory it 
was passed, if not satisfactory it was finally rejected. 


T enclose a sketch showing the hydraulic testing apparatus, (See sketch.) 


OPEN END 


t Co Sica ad 


via PUMP P. 
~ JOINT 
FLOOR LEVELS Ge ae. 


‘(Byars 
ae 


WATE FR. 


TAIN 


8 


I do not like the Pilger rolls on account of the laps they cause, which are difficult to find, are never 
eliminated, and persist in the finished tubes. 


I have seen the turned end of mandril in Fig. 4 (5) separate and screwed on to the rod, which is 
cheaper and probably better, as it allows the tip to be made of very hard steel. 


I have enjoyed reading Mr. Pringle’s paper, which is very interesting and instructive on a subject 
comparatively little known, which makes a paper of this description all the more welcome. 


Mr. G. Murpocu. 


The author is to be congratulated upon having written a short but interesting paper, but I think he 
has taken it for granted that the members of the staff have a general knowledge of the procedure and the 
tools employed, or he would have gone move into explanatory details and sketches, especially of the reeling 
rolls, the rotary piercing rolls and the severa! means of swaging the top ends of air reservoirs or bottles. 


My experience of solid drawn steel tubes dates back 30 years, but the author has probably had more 
experience of the different methods of tube and air bottle manufacture than any other member of the 
staff, and I suppose the methods he has described are those in daily use in the Sheffield district. 


The author states that the billet should have the same amount of work put upon it when being 
rolled from the ingot to the billets as is done upon a rough forging made from a steel ingot. 


Air receivers or botiles are made under my supervision direct from the cast steel ingots without any 
work being put upon them other than that due to the hot drawing process, and the results of the tensile 
and bend tests are in accordance with the Rule requirements, 


If a hollow bloom is eccentric, it is generally caused by the punch not being central with the 
cylindrical die, and with care this can be avoided. 


If the first punching or piercing is concentric, there is not much likelihood of the hot bloom becoming 
eccentric in the later operations. 


In paragraph 8, page 2, the word“ cylinder,” I think, should read “cylindrical die,” so as not to 
confuse it with the hydraulic cylinder of the press, and in the same paragraph the author states the billet 
when pierced is therefore longer by the amount of metal displaced. This, in my opinion, should read ‘ by 
the height of a ring of steel equal in area to the sectional area of the piercing end of the mandril or 
punch multiplied by the depth the piercing end or punch descended into the ingot or billet,” and this 
would only hold good where the billet is a neat fit for the bottom cylindrical die and would not be the 
case if a square billet be used. 


Suppose the square billet has unit side, then its base area is a square unit, but the area of base of a 
cylindrical die to surround billet of unit side is 2 units multiplied by *785, which equals 1°57-square units, 
and shows that if a square billet is used the mandril piercing end will have to spread laterally the material 
from one square unit to 1°57 square units before the material will rise in the form of a tube above the 
original height of the billet. 


The piercing of a square billet in a cylindrical die is much easier on the press than a round billet in 
a similar die, but the second and later operations will take longer time and probably more heats with the 
square than with the round billet. 


An objection to the square billet is that, as on all shaped billets, a heavy seale is formed due to heating 
toa high temperature, so that when the square hot billet is dropped into the cylindrical die and the piercing 
end begins to penetrate the ingot or billet, the thick scale is thrown off the top and sides and falls into 
four heaps separated from each other by the corners of the billet, and as the material is pressed out to fill 
the cylindrical die, the scale becomes part of the surface of the now hollow bloom of the air bottle, and 
when the scale is removed, crevices or pit marks may be found as deep as j inch. 
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In the case of a round billet, the scale will drop off and may gather equally all around the billet, 
and so there is less likelihood of the crevices or pit marks being so deep as with the square billet. 


I see no reason why steel seamless air receivers should not be made 24 inches and upwards; it is all 
a matter of having an hydraulic press sufficient to give the necessary pressure. Receivers are made here 
up to 22 inches. 


Sketch 7A shows a ring to be cut off for tensile and bend tests. If the test piece is taken longi- 
tudinally, it would mean, if Lloyd’s Rules for boiler steel were carried out, the length of the ring would 
approximate to 18 inches, and this appears to me a waste of material and needless expense to the makers. 


I think the better way is to straighten the hoop cold, and it need only be the width required for the 
test piece, and the tensile pull is then in the direction of the bursting stress on the receiver. 


The author states that tensile temper and cold bend tests are taken ; I do not think that temper bend 
tests are required by the Rules for steel below 32 tons per square inch. 


Regarding the hydraulic test, great care should be taken to see that all air has been expelled, and 
this can best be done by placing the bottle vertically when filling with water, and the test pump pipe 
should be connected when in that position. 


It may interest some members if I mention another method of carrying out an hydraulic test on air 
bottles, ete., where the factor of safety is less than that required by this Society. We are all acquainted 
with the ordinary vacuum flask. Suppose the inner tube or bottle of a vacuum flask represents the air 
hottle to be tested and the outer bottle a receptacle in which the air bottle is hermetically sealed. To 
this outer bottle a small glass tube is attached making communication with the annular vacuum space, 
this tube, which is a few inches in length, is placed vertically with its upper end open, the cork of the 
flask being pierced and a small pipe fixed in it for connection to a force pump. 


The inner bottle of the flask, as is also the annular space between the two bottles, is filled with water, 
the cork is inserted and securely fixed, and the water pressure is applied by the pump, the inner bottle will 
increase in cubic capacity, and this will be transmitted to the water in the annular space and so cause the 
water to rise in the small glass tube, the cubic expansion of the inner bottle will be equal to the sectional 
area of the glass tube multiplied by the height the water rises in it. 


If on releasing the pressure on the inner bottle of the flask, the water falls back in the tube to the 
original level, the bottle will not have been strained, but should the water not fall back to its original 
level, the bottle has been strained beyond the elastic limit and may be rejected as unfit for use. 


In practice, this test is easily carried out, the air bottle is dropped into a vertical cylinder with a 
closed bottom, there is a special fitment screwed on the neck of the air bottle to which a screw-threaded 
union is attached, the cover of the cylinder has a central hole in it, slightly larger than the cylindrical 
body of the fitment, and this hole is recessed to form a stuffing-box, to which a gland and packing is 
fitted so as to make the fitment water-tight in the cylinder cover. A small cock is fitted to the highest 
part of the cover to release air when filling the cylinder with water, and from the top or side of the 
cylinder a pipe is led to a vertical glass tube fixed on a wall or fixed stand. The glass tube has the upper 
end open and the sectional area of the bore may be } square inch or 4 square inch, so that the number of 
cubic inches the bottle has expanded is given by the sectional area of the tube multiplied by the height 
in inches which the water rose in the glass tube. The pressure pump discharge pipe is attached to the 
screw-threaded union on the fitment, and I may state that this arrangement can also be used as a safe 
means for testing a bottle to destruction by hydraulic pressure. 


The author’s Sketch 7p shows the tube of uniform thickness with the exception of the solid end ; 
the swaging is really a staving-up process, although the swage dies are moved to and fro transversely 
to the length of the bottle, and as the necking down increases, so also does the thickness increase con- 
siderably towards the centre of top end of the bottle. 


The anthor states that bottles are given a series of cold-drawn passes through dies. I should be 
pleased if he would state his reasons, if he favours that process, as I cannot see any advantage in doing 
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so. The cold-drawn passes may give a smoother surface, but that smooth surface is generally destroyed 
by the subsequent swaging and scaling due to annealing, and I would also like to know whether he does 
or does not favour the use of two dies, as shown in Fig. 5, as I understand the friction is much greater 
with two dies than with one for the same amount of reduction in diameter of the hot or cold bloom, and 
for that reason has been discarded by some makers. 


In paragraph 9, page 4, the author has omitted an important item, it is that the reeling rollers must 
be geared, so that both rollers revolve in the same direction, either clockwise or anti-clockwise, or there 
would be no tendency for the tube to revolve. 


In the first complete paragraph on page 5 a reader would be under the impression that the number 
of hot passes were carried out on the same diameter of hydraulic ram as the one mentioned in the previous 


paragraph. 


The procedure is, after the first drawing as shown in the author’s sketch Fig. 5, the hot bloom is 
re-heated and then placed vertically on a hemispherical concave-shaped steel block, fixed on the base of 
the hydraulic press, and a punch much larger in diameter than the one used in the first punching is forced 
down into the bore of the hot bloom. As the bloom is not confined in a die, the punching slightly 
shortens in length, but increases considerably the inside and outside diameters of the bloom. The bloom 
is then placed on the hydraulic ram of much larger diameter than the ram used in the first drawing and is 
forced through a die also larger than the former ones, the bloom is again reheated and again swelled out 
by a still larger punch, and again drawn with a larger ram and die, and these operations are carried out a 
sufficient number of times to make a receiver of the length and diameter required. 


Although the author has only dealt with steel tubes, it may be of interest to know that copper and 
bronze alloy tubes are made by a slightly different method, a hole approximating to the size of the hole 
in the finished tube being cast in the ingot. The ingot is cast in cast iron moulds and the core is formed 
on a round steel bar, the core bar being placed vertically in the mould and kept central by the upper and 
lower ends fitting into a hole in the top and bottom of cast iron mould respectively. For reference letters 
see accompanying sketch, 


The hollow ingot after being heated in a gas, oil or other type of heating furnace, is placed in the 
cylindrical recess G in the fixed end of the hydraulic press, the ram A with its slotted shaft B is then 
moved towards the hot ingot, but just before the ring collar K makes contact with the ingot L, the 
sliding bar D with its mandril E is moved forward until the rounded end just passes through the die H. 
In that aaa the collar F makes contact with a stop or projection on the press and prevents the 
ee being pushed forward with the metal of the ingot, when the ingot is fale extruded through 
the die H. 


Hydraulic pressure is then applied to the ram, forcing ring collar K on end of slotted shaft B against 
the hot ingot L, and if the ingot had been hot enough and the hydraulic pressure applied sufficient, the 
whole of the ingot would be expelled through the annular space between the mandril E and the die H in 
the form of a tube N. The tube is, however, still held in the die, and in order to release it the sliding 
block J is drawn to one side by a small hydraulic ram, and this movement shears off the end of the tube 
close to the die H, and the tube is finished with the exception of straightening and cutting to the length 
required. The sliding block J is then drawn further out until it is clear of the die H, as shown in dotted 
lines J.1, and the die H with any material adhering to it is forced through a hole in the back of the press 
on to a bench, where the adherent metal isremoved. The die H is then put back into its recess in the press, 
the slide J is pushed into its place, and the ram on its return stroke withdraws the mandril E and so 
permits 4 another hot ingot L being placed in the recess G, and the process repeated as before 
mentioned. 


If the hole in the die H be made of any other section, a tube may be formed with a round, square, 
hexagon or other shaped exterior section, or the hole may be square, hexagonal or other shape; if a 
mandril E of one of those shapes be used, and the exterior may be of round or other shape, depending 
upon the shape of the hole in the die H. 
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In the accompanying sketch, the letters represent :—- 

A. Hydraulic ram. 

B. Large hollow shaft fixed to front end of rain A. 

C. Long slot in hollow shaft B. 

D. Round bar, a sliding fit in hole in shaft B. 

E. Size mandril, may be solid with or screwed into D. 

Ae A cotter which passes through slot C in the round bar D, and slides in the slot C 
in shaft B. 

G. A recess, generally cylindrical, in which the hot ingot L is placed. 

H. A high tensile steel die, the hole in which may be of any section, according to the shape 
of the outside of the finished tube desired. 

J. A sliding block with a central hole larger than the outside of the finished tube; this block 
has to withstand the full pressure on the die H, which may be as much as 1,200 tons. 

K. Isa ring collar, with a central hole slightly larger than the diameter of the mandril E, 
the periphery of the collar being a sliding fit in the cylindrical recess G; it is this collar that is 
pressed against the hot ingot and forces it through the die H around the mandril 8, and thus 
forms the tube N. 

N. Part of the extended tube. 

Fig. 1. Shows the ram at the back end of the hydraulic press cylinder and the sliding bar D 
pushed to the back end of slot, and the ingot placed in the recess G. 

Fig. 2. Shows the ram at about half stroke and just about to press against the hot ingot, the 
mandril E being in its proper position in the die H. 

Fig. 3. Shows the ram at the end of its stroke, having expelled the material of the ingot 
through the die in the form of a tube N. 

Fig. 4. Shows the fixed headstock of the hydraulic press, with the sliding block J in its recess 
behind the die; the dotted lines J.1 show its position when drawn aside to permit of the die H 
being forced through after the tube is cut off. 

Fig. 5. Is an end view of the hollow shaft B with its sliding cotter F. 

Vig. 6. Shows the slot in the hollow shaft B. 

Fig. 7. Shows the end and side view of the ring collar K. 

Fig. 8. Shows the sliding bar D with its mandril E. 


REPLY BY THE AUTHOR. 


In reply to Mr, Dorey, I have to say that tubes made by Mr. Whitehouse were butt welded under his 
patent in 1847, and butt welded tubes are being made to-day in very large quantities both for gas and 
steam in land installations. 


Hydraulic piercing was introduced by Mr. James Robertson in 1888 and developed by Ehrhardt 
in 1891. 


Square billets are advantageous, as they allow for work being done in both a transverse and 
longitudinal direction. 


Hollow blooms from the Pilger process are not machined, as they are completed in one heat, and should 
any be eccentric, they are rolled or drawn down for less important work. 


The particulars of the average quality of steel used in making tubes by the Pilger process are of 
interest, but I have no similar particulars with which to institute a comparison. 


I cannot say whether the extra cost of the cold drawn tube is compensated for by the reduction of 
thickness allowed, for I am not sure of the difference in cost, but 1 believe the cost of the cold drawn tube 
is 25 per cent. greater than the lap welded tube; however, if they were sold by weight this disparity would 
be reduced owing to the uneven thickness in the lap welded tube, which, of course, varies in weight. It may 
be stated that tubes are usually sold at so much per foot. 
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Referring to the tolerance in the thickness of tubes, it may be taken that a variation of 10 per cent. 
is never exceeded. 

With regard to the machining of air receivers, I have to say that my experience is limited to one firm 
of makers only, and at these works tie machining is carried out in precisely the same way on the small 
bottles as on the larger sizes. In all cases one cut is taken off for inspection to ensure that they are sound 
before putting any more work on the tubes. Sometimes two cuts are taken, but very rarely; it will be 
obvious that any existing defects would not be found on hot drawn tubes so readily as on a 
machined surface. 


In reply to Mr. Dorey’s remarks on the sabject of annealing, I find that tubes are open annealed 
between 700° and 800°C. between the stages of coll drawing, and close aunealed up to 870°C. for the final 
annealing. The time of annealing for tubes up to 16 gauge is three-quarters of an hour; over 16 gauge 
from one and a half hours to two bours, according to thickness. 


Tests taken from tubes after being cold drawn, bnt before annealing, were from 80 to 35 tons tensile, 
with 12 to 16 per cent. elongation. 

Tests from tubes between the stages after annealing, but before being finally annealed, gave a much 
lower tonnage and higher elongation. 


A sample taken from a tube with a -45 carbon content after cold drawing, gave 48 tons per square 
inch, with 2 per cent. elongation. 


In reply to Mr, Collinson’s question regarding the life of the Pilger rolls compared with the grooved 
rolls, the latter type of rolls certainly have a very much longer life than the Pilger rolls, but the output 
obtained from the Pilger process as compared with the grooved rolls is considerably larger, and easily covers 
the cost of frequent breakages of the Pilger rolls. 

Mr. Gemmell and myself have been in very close touch with each other for a number of years on 
tube inspection, and I am pleased that he has joined in the discussion. 

With reference to his remarks on the various tests taken from tubes, I agree that the crushing test 
usually shows hair lines, but they are really scores caused by the mandril bar not being kept up to the 
standard finish, and in my view the best way is to have a piece cut from the same tube expanded to 
determine whether the lines are likely to split. Hair lines on the exterior of the tube are very difficult 
to see unless the tube is electro zinced. 

With reference to the question of annealing, | may say that modern annealing furnaces are so con- 
structed that they may be regarded as close annealing furnaces. The pickling also serves to produce a 
film of rust on the tubes, which certainly aids the drawing operation. 


I have never ascertained the percentage of rejected tubes after being in the pickling bath. They 
may be rejected if they are intended for boiler tubes, but the makers draw them down into conduit tubes, 
for which there is a great demand at the present time, so that the cost of rejections is greatly minimised. 

I think the question regarding the test results obtained between the various stages is covered by my 
reply to Mr. Dorey. 

With reference to the billets used for the manufacture of air receivers, it would be more correct to 
describe them as being of octagonal or gothic section, During the operation of piercing, the metal flows 
chiefly in the radial direction, but also longitudinally, so that the resulting hollow bloom is circular, and 
is somewhat longer than the original billet. 


The hydraulic piercing is gradually being replaced by the rotary process in nearly all makers’ works. 


According to the terms of most specifications, no tolerance is allowed in regard to eccentricity, but 
if a tube was up to gauge on the thinnest part, and the thicker part was not more than one gauge 
number in excess, the tube would usually be accepted. 


With reference to Mr. Ewing’s question regarding the excessive scrap, I may explain that this 
comes from the punchings from the billets made by the hydraulic process, and these punchings are 
from two to three inches thick, and the same diameter as the punching bar used. About 30 or 40 billets 
are punched per hour, and by the end of the shift there is a large heap of scrap. There is practically no 
scrap from the rotary method. 
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Physical tests on each cast of billets are carried out at the steel makers’ works, and the results, 
together with a copy of the analysis, are presented to the inspector when the tubes are submitted for 
testing. 


Most of the tube makers take an etching test from each cast of billets to satisfy themselves that the 
material is sound. 


I am very pleased indeed to have Mr. Carnaghan’s valuable contribution to the discussion. My late 


colleague, Mr. McGregor, mentioned some years ago that Mr. Carnaghan bad dealt with all methods of 
tube making. 
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I have to thank him for pointing out the mistake on page 2, paragraph 11. ‘This was meant to 
convey that the bloom passed through sufficient grooves until drawn down to the required size. 


Full descriptions of the plant used for hydraulically testing the finished air receivers have been given 
by Mr. Murdoch and Mr. Butler, and there is nothing which it is necessary for me to add to these. 


It may, however, be of interest to state that if there is any permanent set the receiver is re-heat 
treated and retested, and again subjected to water test. 


With reference to the respective merits of cold drawn tubes and lap welded tubes, | may say that I 
have had several cases where the latter have been returned owing to uneven thickness, or included cinder 
or slag. In all these cases the rejected tubes have been replaced by others made by the cold drawing 
process. 

As far as uniformity of thickness is concerned, I must confess that in my opinion the cold drawn tube 
is superior to the lap welded variety. 


With reference to the operation of bending tubes, I agree that this should be done at the makers’ 
works, but unfortunately the cold drawn tube manufacturers usually have no facilities for pipe bending, 
although the lap welded makers have. 


Quite recently one firm, who are makers of hot rolled tubes, put down a plant for pipe bending, but 
they have had great difficulty to get suitable men for this work. The bending of pipes without subjecting 
them to hammering is quite a speciality, and I know of three firms in the Wednesbury and Walsall 
district, where the art of pipe bending is handed down from father to son. 


I fancy I know the case which Mr. Carnaghan mentions, where a number of pipes showed cracks 
after bending, and I sometimes think that possibly the machining of the hollow bloom has something to do 
with the cracks. Perhaps the blooms in question may have been very rough machined. _ Is it not possible 
for the scores from the machining to overlap during the rolling, and if so, would they not show up when 
the pipes were being bent ? 


It is interesting to hear that Mr. Harbottle has a copy of the original patent claimed by Mr. White- 
house for butt welded tubes taken out in 1825. 


In 1847, Mr. Whitehouse took out another patent, and commenced business in that year as 
Whitehouse & Co. at the Globe Tube Works, Wednesbury, and their trade mark was “Globe.” These 


works are still in existence, and are carried on by Messrs. J. Spencer, Ltd., who are large makers of butt 
welded tubes as well as lap welded. 


With reference to the spirally welded tubes, I believe there are still some samples left in the 
Wednesbury district. 


Mr. Harbottle’s question on tubes being made eight feet in diameter from a billet by means of rollers, 
I have not seen or heard of any such plant in the Sheffield district. 


Taper tubes are not made in the Sheffield district, and as I have not seen the plant, I am unable to 
describe how these are made. 


The question of doing away with the pickling process is dealt with in my reply to Mr. Gemmell, but 
I may add that the alternative method of removing scale, viz., by electrical means, is somewhat expensive. 


In reply to Mr. McCririck, I should say that air receivers with a solid base are not more difficult to 
manufacture than the receiver with each end necked down ; it will be noted that the base is formed 
when the billet is being pierced, and therefore the extra work in necking down the end adds to the cost. 
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Mr. McCririck does not mention the method of necking down employed in the Glasgow district. It 
is done here with a ‘ Cupping” machine, composed of eight dies diminishing in sizes, and if I remember 
rightly, two men do the necking down. 


A 12 inch cold drawn finished tube would be about 13 inches to 134 inches before commencing the 
cold drawing. 


With reference to Mr. McCririck’s remarks on cold drawing producing strain hardness, I think the 
answer is covered in my reply to Mr. Dorey. 
_ T agree with Mr. Campbell that the air receiver with each end necked down is much better both for 
inspection during manufacture and after being in use. 


All air receivers are tested in the presence of the inspector to twice the working pressure, and the 
test pressure is stamped on the curved end near the neck, together with a number, so that a correct 
record is kept. 


I have not experienced any leakage at the base of flat-ended receivers. The thickness of the base 
generally averages three times the thickness of the walls. 


The following may be of some interest. A cylinder 103 inches outside diameter by 4°; inch thick by 
4 feet overall, manufactured for a working pressure of 5001b. per square inch, was tested to 1,500 lb. 
before signs of permanent set were shown. ‘The bursting pressure was 8,550 1b. per square inch, and the 
outside diameter of the cylinder increased to 11% inches, three inches from the commencement of the 
burst. A photo of this cylinder is appended. 


Mr Butler has given some very interesting information in his contribution to the discussion. 


He mentions that there was no machining necessary in receivers of a high tensile material. It 
appears the manufacturers in the Sheffield district are not so daring as those in Pittsburg. They prefer 
to take a cut, even if there is no eccentricity, for surface inspection before putting any more work on. 


In reply to Mr. Butler’s remarks, in which he states the Pilger rolls cause laps, I may say that if the 
billets were sound there should be no laps. As stated in my paper, the hollow bloom takes a turn through 
90° during each revolution, to avoid fins forming and overlapping. It is most essential for the Pilger 
process that sound homogeneous steel be used. 


Some makers do use turned ends separate from the mandril and screwed on, and some mandrils are 
staved up and turned. 


With reference to Mr. Murdoch’s suggestion that the various tools, dies, etc., employed in the 
manufacture of tubes should have been included, I think it will be agreed that to describe the whole of 
the plant would require a paper in itself. 


Apparently he does not agree that work should be put upon the billet before piercing. It is interesting 
therefore to note that a very well-known firm spent large sums of money putting a special plant down for 
casting the billets to piercing size, and after experimenting for some time on making tubes by this method, 
they have given it up owing to the resulting tubes being porous, and the plant has been dismantled recently. 
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It is perfectly true if a hollow bloom is eccentric it is due to the punch not being central, and this 
should certainly be avoided if possible; but as we all know, mistakes are made. 


Referring to the respective difficulties in punching square or round billets, I have already mentioned, in 
my reply to Mr. Gemmell, that the billets called “square? should have been described as a “ gothic” 
section, and being of this section there is not a very great difference between this kind of billet and 
the round one. 


I have seen thousands of both sections being punched, and it is just as easy to punch one as the other. 


As regards the formation of scale, [ think there is not much to choose between the two kinds of billets ; 
but in my view the scale is less likely to penetrate the gothic billet wheu being pierced owing to the sides 
of the billet not touching the die when inserted. 


As soon as the pressure of the punch comes on the gothic billet the scale will fall to the bottom, and 
this occurs before the metal flows to fill the die or bush ; the round billet, however, is a tighter fit in the 
die or bush, and when the pressure is put on, the scale penetrates into the billet sides. In any case, care is 
taken to ensure that this scale is eliminated in the reheating. 


With reference to the extreme sizes of air receivers, I may say that in the Sheffield district it is 
24 inch bore by 1 inch walls. 


In regard ‘to tensile tests, I should explain that, as the receiver is invariably 12 to 13 inches longer 
than that required, the test is taken longitudinally, but it is not flattened. Sometimes it happens that the 
receiver is too short for this test ; then the hoop test, as suggested by Mr. Murdoch, is taken. 


With respect to temper bend tests, it will be noted that tests required on seamless air receivers are the 
same as those for boiler shell material, with the exception that the elongation may be two per cent. less. 
The Rules also state that where material is worked in the fire, temper bend tests should be taken ; 
consequently this is done. 

Sketch 7B shows the receiver a uniform thickness. It is generally known in reducing or swaging a 
hollow bloom or pipe the thickness increases, so that a somewhat increased thickness should be indicated 
in way of the neck of the receiver. 


As already mentioned, my experience is limited to one firm only, who claim to have one of the most 
up-to-date plants in the country,and they prefer to adhere to the cold finish. At the same time I do not 
see why a hot rolled finish should not be just as suitable. 


With the suggestion that the friction is greater by using two dies, I do not agree, since even after the 
bloom has passed through the second die it is still hot enough to be in a workable condition. 

Paragraph 9, page 4, was intended to show how the tube was expanded so that the mandril can be 
withdrawn. 

I think it is explained in the first complete paragraph on page 5 that the number of passes is 
determined by the size required. Mr. Murdoch has probably witnessed hot vertical punching being done 
in more than one process ; this is practically the same as a hot horizontal pass. 


It was in my mind at the time of writing on steel tubes, etc., that copper and brass might have been 
included; though the methods are not quite similar, a paper could be given on the manufacture of copper 
and brass tubes. 


It may be of interest to add that copper tubes are being made under the rotary piercing process. 
In conclusion, I wish to thank all the members who have taken a kindly interest in the discussion. 


SOME NOTES ON REFRIGHRATION. 


By 8. TOWNEND. 


ReAD 9TH DECEMBER, 1925. 


It was the intention of the writer to give in this paper a summary of the tendency of modern design 
in the details of refrigerating plant; but, in response to a request to expand the subject somewhat, it is 
thought that a statement of the principles involved in machinery of the vapour-compression type might 
interest those engaged in such surveys, and also those not so familiar with this branch of engineering. 


ACTION OF REFRIGERATING MACHINES. 


When a quantity of matter has to be made colder than its surroundings heat must be removed from 
it by expending work. This action is the function of a refrigerating machine, which is therefore sometimes 
termed a “ heat pump.” 

A heat engine receives heat at a high temperature, transforms a portion into mechanical work, and 
rejects the remainder at a low temperature. 

A heat pump receives heat at a low temperature, and by the expenditure of work raises it to a higher 
temperature, such that the total heat can be rejected. This latter is equal to the heat removed from the 
cold body, plus the work expended, or H,— H,=work done. 

The efficiency, or “coefficient of performance” as usually termed (being greater than unity), being 


the ratio of heat extracted to work expended, — , and under ideal conditions =p— if the heat 
a oe 1 +2 


2 
were all rejected at the highest temperature and extracted at the lowest temperature. 
The condensing steam engine, in its reversed action, most closely resembles the compression machine, 
and the analogy of the two cycles will be found useful in all problems relating to design. 


Thus, in Fig. 1, the cylinder of the engine corresponds to the compressor, 
the boiler corresponds to the condenser, 
the feed pump corresponds to the regulating valve, and 
the condenser corresponds to the evaporator. 


The Cycle of Operations may be shown on temperature-entropy charts, “entropy” being defined as 


follows :—Let the substance take in a quantity of heat dQ while its temperature is t ; then dQ measures 


t 
the increase in entropy. Similarly, when the substance passes in a reversible manner from one state to 
: »d¢ 
another, the whole increase of entropy = a =@Q, -— Q.. 


If the substance expands or is compressed adiabatically, i.¢., without giving out or taking in heat‘ 
dQ=o, or Q, the entropy is unchanged. 


Thus, in Fig. 2, the substance at C is compressed adiabatically from C to B, all the heat is rejected 
from B to A at the temperature T, ; it expands from A to D adiabatically, and takes in heat from D to 0 
area NDCM __ iT, 
areacA BOD. yaw == 
In a reversible cycle the area of the diagram measures the work done ; ina refrigerating machine, with 
free expansion through the regulator, this portion of the cycle is irreversible. But for this, the normal cycle 
would be a reversed Rankine cycle, 


at the temperature T,. The coefficient of performance = 


i 
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Figs. 3 and 4 are diagrams drawn for CO, and ammonia respectively. Let a represent the state of 
the substance before compression, generally a mixture of liquid and vapour at the low temperature of the 
evaporator. The substance is compressed adiabatically to condenser pressure and becomes somewhat 
superheated at point ). It is now cooled to saturation point ¢, and completely liquified at d, ¢ d measuring 
the latent heat. It is then further cooled to the temperature at the regulating valve. It passes this valve 
and reaches stage f, a mixture of liquid and vapour at evaporator pressure ; it then takes up heat from the 
brine (or air) by evaporation, and reaches its initial stage a. 

The heat, rejected to the condenser is the area under bce de; the refrigerating effect is the area under 
fa. In order to reckon the heat taken in, therefore, it is essential to know the position of the point f, 
and this can only be got from the fact that the total heat at f=total heat at e. 

A more convenient chart for tracing refrigerating cycles was therefore invented by Mollier, using 
total heat (I) and entropy (@) as co-ordinates. The function I has these properties— 


(1) Changes of I measure directly the gain or loss of heat at constant pressure. 

(2) Change of I measures the work done in the compressor between the upper and lower 
limits of pressure in the compressor. 

(3) Vis unchanged by the free expansion of the liquid through the regulating valve. 


For convenience, to avoid distortion, use is made of oblique co-ordinates, and any cycle can be 
traced on them, and for calculations all that is necessary is to read off the values of I for each of the 
points a, b, f, I at e being equal to I at f. 


Then, work done = I, — I, 
refrigerating effect = I, — I, 


and the co-efficient of performance = oes 
eee 


Figs. 5 and 6 are Mollier diagrams corresponding to Figs. 8 and 4. 

An arbitrary starting point for reckoning entropy and internal energy is assumed, viz., when the 
substance is in the liquid condition at 0° C. and pressure equal to the vapour pressure at that temperature. 
This is called the “zero state” of the substance. In CO, I is then about 1 thermal unit, and much 
less in ammonia. Entropy at the zero state =0. 

Constant pressure and constant temperature lines are drawn on these charts, so that any state of the 
substance can be shown by the position of a point on the chart. 


METHODS OF REFRIGERATION. 
The heat may be removed from the cold chamber by various methods — 


(1) By circulating the refrigerant through grids of piping arranged round the sides and 
overhead in the chamber, so that heat is transferred from the chamber to the gas direct. This is, 
therefore, called the “direct expansion” method, and is mainly used with ammonia, chiefly in cold 
stores, and occasionally in small plants for ship’s provisions. 

(2) By circulating brine through grids of piping in the chamber, the brine giving up its heat, 
on return from the chamber, to the refrigerant in the evaporator coils. The brine returns, through 
the various sections of grids, to tanks, whence it is either pumped through the evaporator, or, in 
cases where the evaporator is situated below the tanks, it gravitates to the former and is pumped 
Jrom thence through the distribution healers to the various sections once more. 

(3) By circulating air through the chambers by fans, the air giving up its heat to batteries of 
coils through which either the refrigerant (ammonia) or brine is circulated. The air is delivered 
along a wooden trunkway running the full length of the chamber on one side, and is drawn from 
a similar trankway on the opposite side. In the case of a deep hold the air is delivered along the 
middle line at the bottom of the hold, and is drawn from the top through suitable ducts in the 
overheading. 
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In passing, it may be mentioned that it is good practice when cooling down the chamber to circulate 
the brine or air more slowly, so as to get a bigger temperature difference and quicker transfer of heat ; 
and, when the chamber is filled with pro jiuce, to increase the flow so as to get more uniform temperatures 
throughout the chamber. This is especially the case when carrying chilled beef by method (2), or fruit 
by method (3), 


The direct expansion or brine batteries used in (8) are situated over tanks fitted with drain 
scuppers, and the cvils are divided into a numb:r of s ctions so that some may have the frost thawed off 
as it is formed through the cooling of the air, whilst the remainder are in action. This is ac: ‘complished 
by passing hot brine or liquid thro igh the coils to be thawed. In some cases the fans are in duplicate, 
and the battery divided into two portions, each of sufficient size for the work required, and each fan 
being fitted with a cross cennection so as to work on either half of the battery ; this gives very efficient 
provision against breakdowns. 


The mention of brine grids suggests a point, worthy of attention, regarding the couplings of these. 
A pipe of 7 gauge, as usually speciticd, is only about 4 inch thick over the threads, which are nearly 
yg Inch deep. This leaves very little margin for error due to undercutting of the threads, or to the die 
of the screwing machine “drawing.” In some cases observed, the metal was nearly cut through, and 
the lines of the threads were visible inside the pipe. In view of the possible damage through fracture, 
and the long lengtiis hidden out of sight in feed and return pipe casings, coupled with the liability of a 
vessel to strain in heavy weather, it is thought that care should be taken over this detail, or a thicker 
gauge of pipe specified. 


The Tendency of Modern Designs.—A number of improvements have been effected of late to 
render plant more efficient, amongst which the following may be mentioned :— 


Compressors.—T'he chief alteration in compressors of CO, machines has been made in the adoption 
of metaliic packing for the rods and in the use of cast iron piston rings, thus dispensing entirely with 
leather packings, which, owing to their variable quality, were ever a source of trouble through requiring 
to be frequently renewed. The former are of various types, most of them consisting of a series of conical 
white metal rings of varying section, separated by steel conical rings, which, on tightening the gland nut, 
expand the packing rings against the rod. Another type designed and fitted by a chief engineer is 
sketched in Fig. 7, and consists of two pairs of concentric white metal sleeves perforated as shown, the 
outer one stilleving the inner one against bulging when end pressure is applied. This packing had been 
running for twelve months without renewal, when the writer visited the vessel. 


With regard to pistons, several of these have been machined and fitted with three cast iron rings 
separated by distance pieces, this forming a cheap and efficient method of alteration, and one which has 
proved quite gas-tight. As a safeguard against the ends of the rings touching and the rings seizing in 
the compressor, a female gauge may be used of diameter 003 inch less than that of the compressor, in 
which the ends of the rings just butt when fitted; this ensures a definite clearance. 


An improved type of discharge valve, the “Simplate”, has been used with success on some ammonia 
machines for cold stores. It consists of three concentric dise valves, each loaded with a light spring, and 
covering its respective ring of ports in the seat; the combination is held in place by a top plate and set- 
screw to adjust the lift, the whole being fitted into the housing and held by the cover. 


The tendency in compressor design is now towards high speed types for land work, to save weight and 
space, and doubtless, as a result of experience in reliability, they will gradually come into use on vessels 
for the same reason. A number of these machines were exhibited at the Wembley Exhibition, and an 
interesting paper was recently read before the Institute of Marine Engineers, by Mr. R. G. Reid, describing 
some of these types. (See Proc. I.M.E., Jan. 8th, 1924.) 


Condensers.—These are practically all of the submerged type on board vessels, owing to the 
restrictions of weight and space. 


The condenser corresponds to the boiler of a steam engine, and, just as in the latter, a larger or 
smaller charge of water is required, according as a cylindrical or “express” water tube type is used, so the 
volume of the charge can be lessened by reducing the length of the coils in a condenser, provided that 
there is sufficient heat transfer to deal with the gas discharged from the compressor. 
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_In this connection the writer some years ago made a series of experiments to find a relation between 
cooling ‘surface and volume (weight) of gas condensed, such as is commonly used in steam condenser 
design. 


The refrigerant used was ammonia, the machine being a Sterne vertical single acting type din. x 6in. 
stroke. A branch was led from the compressor discharge pipe to the calorimeter, which consisted of an 
internal pipe (1,%,in. diameter external, lin. internal) for the gas, 12 feet long and of 4°12 square feet 
cooling surface, surrounded by a concentric pipe 2in. diameter, the cooling water flowing through the 
annular space, in the opposite direction to the gas. Thermometers were fitted at each end of each pipe. 


The liquid condensed in the calorimeter was led back to the liquid pipe from the condenser under 
the machine, and thence to the regulating valves and evaporator. the calorimeter was well lagged with 
cork and slag-wool. 


Suitable shut-off valves were provided, also a small liquid receiver to collect from the calorimeter 
samples for testing. 


The cooling water was collected and measured in a tank, and was supplied from a tank containing a 
steam-heating coil for varying its temperature. 


A resistance box was provided between the main switch and the compressor motor, whereby the 
revolutions could be varied from 210 to 120 per minute. 


The system was charged to running conditions, and, when all temperatures were steady, runs were 
made at 200, 180, 160, 140 and 120 revolutions, and the following measurements taken :— 


(1) Temperatures of ammonia at inlet to and outlet from calorimeter. 

(2) Temperatures of cooling water at inlet to and outlet from calorimeter. 
(8) Depth of cooling water in tank. 

(4) Pressure of suction and discharge gas at compressor. 


The mean difference of temperature between the gas and water was calculated from Grashof’s 
formula, and the heat units iransmitted to the water, per square foot per minute, per degree ahr. 
difference of temperature, were plotted to a base of swept piston volume per minute, and velocity of gas, 
and graphs obtained for four different condenser temperatures—61°, 75°, 86°, 95°. 


The graphs obtained were practically straight lines, thus confirming Osborne Reynolds’ Law that 
heat transfer is proportional to velocity. (See Fig. 8.) 


For testing the quality of the ammonia samples were drawn from the small receiver into a Dewar 
flask, and the density taken by a hydrometer and found to be °7, the temperature being below 35°C. 
Owing to the affinity of water for ammonia it is reasonable to assume that this water is mixed with pure 
liquid, the density of which is °6; a simple calculation shews that about 75 per cent. of the mixture 
would be ammonia and 25 per cent. water. 


On Fig. 9 are shewn (i) a curve of freezing points; (ii) graphs of the latent heat of ammonia plotted to 
percentage strengths of the liquid. . 


Between the practical limits of working, 1 square foot of cooling surface suffices to condense 2 cubic 
feet of ammonia per minute at 25 Ibs. suction pressure, at all temperatures of cooling water. At 
atmospheric pressure only half the weight of gas would be passing through the condenser in a given time, 
yet the above proportion is only one-tenth the surface allowed in ordinary practice, hitherto based on 
“rule of thumb” or precedent. 


It is submitted that the large volume of coil, being mainly used as a liquid store, might be reduced 
and the design improved by giving a quick straight-through passage for the cooling water, which would 
render the condenser self-cleaning. Thenumber of coils might be maintained as at present to provide 
against a possible leak, but their excessive length might be reduced, with advantage, when internal 
cleaning was required. 

The above results were confirmed, in the case of CO,, by a trial on a vessel fitted with shut-off valves 
on each of 18 coils in the gas condenser; it was found that there was no movement of the gauge 
with 6 coils shut off—each with its quota of liquid,—and by then the gas was almost certainly being 
hrottled through restriction of area. 


Pre-cooling.—It can be shown from the properties of CO, that there is a direct gain in cooling hot 
liquid CO, down to a lower temperature. This is due to the fact that the total heat I of saturated 
vapours begins to decrease near the critical temperature, until at that point it is only the sensible heat of 
the liquid, the latent heat being nil. 

This point is brought out, in regard to steam, in a paper by Sir J. Kemnal on high-pressure boilers, 
read before the Institute of Marine Engineers October 21, 1924, wherein is drawn a chart shewing the 
heat content of steam up to about 1,500 lbs. pressure. 

The above cases are analogous: In the former, by cooling from the critical temperature, more latent 
heat is available for evaporation ; in the latter, by heating to the critical temperature, less (no) latent 
heat is required to evaporate the water. 

A reference to Fig. 1 will show that the functions of a feed water heater and a liquid cooler are 
similar. 

As regard methods of pre-cooling, “ multiple effect” machines have been designed by Seager and 
later by other firms in which the liquid from the condenser passes to the receiver or “ primary evaporator,” 
and is there cooled by the partial evaporation of itself, the portion so evaporated being returned to the 
compressor through ports uncovered at the end of the suction stroke. This supercharges the compressor, 
and the increased work required is a measure of the heat taken from the liquid. 

Another type of cooler consists of a copper coil in series with the liquid pipe from the condenser, 
contained in a tank through which cold brine is circulated, the CO, regulating valve being on the outlet 
from the coil; bye-pass valves are fitted for use when the cooler is shut off, also the necessary 
thermometers for reading brine and CO, temperatures. 

Some interesting figures have been published relating to a vessel fitted with this arrangement. In 
two voyages with identical cargoes (70 per cent. chilled, 30 per cent. frozen), sea water and air tempera- 
tures, the data being taken over seven days whilst crossing equatorial waters, the revolutions without 
cooler, one machine running, were 78-80 per minute ; with cooler, 65 per minute ; and in the latter case 
the temperature of frozen cargo was 12° F. as against 18° F. in the former. 

In another comparison, identical cargo spaces were cooled down through the same range of 
temperature, under similar conditions, in 23 and 14 hours respectively. : 

Liquid pre-cooling would therefore appear to show a considerable saving of steam, also in wear and 
tear, for CO, machines working with cooling water above 70° F. 


Evaporators.—A consideration of the conditions on the steam side of a steam condenser leads to the 
conclusion, which is becoming recognised, that the efficiency of evaporators might be improved by 
increasing the coil surface (volume) and circulating the brine more efficiently, so as to ensure more 
complete evaporation of the cold liquid. As hitherto designed, evaporators are the seat of the slowest 
moving brine, where consequently deposit collects. 

Numerous cases have been noted where the lower portion of the evaporator has been quite out of 
action through mud collecting, and extra doors have been sometimes cut in the shell for cleaning purposes. 

A quick and effective method of cleaning these, and also condenser shells, is to fill them with a 
sealing fluid, such as “ Pluperfect,” for 12 hours, when all deposit, blisters, &c. are loosened, and may be 
removed easily. 

In one case under survey the side of a rectangular cast iron gas condenser had been fractured, and 
on removal for renewal the impression of the coils was left in a hard caked deposit, which thus blocked up 
the whole water passage on that side. 


Insulation.—An interesting example of a method of insulating sides and overheading, to minimise 
fire risk during construction and to facilitate removal for repairs, is afforded by the * Panel” system. 

The three sketches in Fig. 10 show successive developments of this design, in the last two of which 
lengths of single tongued and grooved sheeting are slid along grooves formed in or on the grounds, a 
portion of the strip (in 2) or ground (in 3) being cut away at the middle of the beam, or top of frame, 
for entering the sections of lining. 

It is not the writer’s intention to traverse the whole gamut of repairs, breakdowns, &c., though these 
would form enough matter for an interesting paper. It is hoped, therefore, that these few notes on the 
subject will stimulate enquiry and provide food for further thought and research among those connected 
with refrigeration. 
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DISCUSSION ON Mr. 8S. TOWNEND’S PAPER 


ON 


“SOME NOTES ON REFRIGERATION.” 


Mr. J. R. BevERIDGE. 


The author makes use of entropy diagrams to illustrate the cycles discussed. This raises the point 
that entropy itself is difficult to define, and is really only a convenient mathematical expression. 


The definition given by Dr. Morley is, perhaps, more comprehensive than that given by the author, 
namely : * The entropy of a body in a state B, as compared with its standard state A, is numerically 
equal to the heat that would have to be taken in to get it from A to B by reversible changes, divided by 
the absolute temperature.” 


' dQ. P 
The expression for change of entropy, do= Ris true for reversible change, but usually not so for 


irreversible change, where dQ = the heat exchange between the substance and external bodies. 
For reversible changes, assuming the Carnot cycle be followed, the “ co-efficient of performance ” 


yy 


= To7 so that the efficiency increases as the range of temperature decreases. 
1— 43 . 


This fact is often overlooked by the engineers in charge of refrigerating plants, and a vast amount 
of useless work is expended in cooling down and maintaining holds at temperatures below those required. 


The author mentions pre-cooling of the refrigerant, a system that gives very good results. Perhaps 
he would let us have more details of this system and of his experience with it. The “work done” in 
this process is more than in the ordinary process, but the refrigerating effect is increased to a much 
greater extent. In some cases 30 per cent. increase in power will give double the output, and the increase 
is more marked still when tropical temperatures of sea water are reached. 

The difference of the efficiency of the ordinary and the so-called “ multiple effect” types is due 
largely to the fact that in the pre-cooled system a proportion of the gas formed after the refrigerant passes 
the expansion valve has not to be reduced to the evaporator temperature, whereas, in the ordinary system, 
a proportion of the gas evaporates in cooling itself without drawing upon the heat contained in the 
brine. 


Mr. D. GEMMELL. 


I am very glad that Mr. Townend has presented a paper on “ Refrigeration,” as this is a branch of 
engineering which deserves a great deal more study and consideration from engineers, and particularly 
rarine engineers, than it receives. When one considers that the world’s annual output of frozen and 
chilled meat has increased during the past ten years by nearly half a million tons it indicates the 
progress which is being made in refrigeration, and it should impress engineers with its great importance 
and how much the very life of the population of the world depends upon it. I think I might safely say 
that we could not very well get on without refrigeration now, and our dependence upon it will increase 
very rapidly. 
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To come to my remarks on the author’s paper. On page 3 he states that brine grid pipes are 
usually specified to be 7 gauge, which when screwed gives only } inch thickness over the threads, which 
are nearly ,', inch deep. According to these figures this leaves only 4; inch effective thickness below 
the thread, which, in my opinion, is not sufficient ; but is this figure correct? I think the author has 
quoted a rather extreme case. Brine pipes are usually 14 inch bore for leads and 14 inch bore for the grids 
in the chambers. The ends of the pipes are screwed standard gas thread, and if the pipes are the 
standard outside diameter the dies should merely clean off the outside skin of the tube. Now a7 gauge 
tube is practically ,%, inch thick, the thread is ,1, inch in depth, so that we have nearly } inch effective 
thickness below the thread, which appears to me to be quite satisfactory, provided of course that the 
pipes are concentric in order to avoid thinning on one side. A thicker gauge of pipe is very desirable 
for leads which are concealed in insulation and very often run through highly heated compartments, 
such as engine room or bunkers. It is often a matter of some difficulty to ensure that the insulation of 
brine leads is close around the pipes to the exclusion of air pockets, which are invariably the source of 
much corrosion. To thicken the gauge of brine pipes throughout the holds beyond the usual 
specification, as suggested by the author, is out of the question from the owner’s point of view, as this 
would involve too great an increased cost. I understand that to supply piping 2 gauges thicker the cost 
would be increased by something like 5 per cent., which in the case of some of the largest insulated 
vessels would involve a considerable additional expenditure. 


Another important feature which the author has not mentioned in connexion with the screwed ends 
of brine pipes is that a standard length of thread—say 3 inches—should be cut in order that when the 
coupling is screwed up in place it can be determined exactly by measurement if an equal amount of each 
pipe is screwed into the coupling. [am of opinion that if the threads when freshly cut are coated with 
the old well known protective mixture of white lead and tallow that there would be little trouble with 
corrosion at screwed ends, 


Referring to the next heading, The “ Tendency of Modern Designs,” the author refers to a type of 
compressor rod gland, a sketch of which he shows in Fig. 7. I would like to have some further 
explanation of how this packing acts when compressed. What are the perforations in the inner liner 
for ? Are they to assist in lubricating the rod or are they intended to allow the metal to be squeezed 
close up to the rod. I cannot see that it can be an efficient packing, but perhaps Mr. Townend can 
convince us by an explanation. The statement that this packing has been running for twelve months 
does not reveal a remarkable performance. I know of a marine ammonia machine where dermitine and 
white metal packing was running for 2} years without being withdrawn, and another case of a CO, 
machine having the same packing in for 14 years. 


The author refers to the metallic packing for rods and cast iron piston rings as recent improvements, 
but these have been in general use for a good many years now. I think the leading manufacturers 
introduced them about 1910 or 1912. 


Referring to high-speed refrigerating machines, the spring-loaded disc valve is not by any means a 
new type, as it has been in use for many years. While speaking of high-speed machines, it might be 
interesting if I describe briefly a type of machine now on the market, which entirely dispenses with 
spring loaded valves, the suction and discharge being controlled by means of a sleeve valve operated b 
eccentrics from the crank shaft. The sleeve is really a steel liner which travels in the bore of the 
compressor, the piston working inside the liner, covering and uncovering the ports. By this means the 
clearance is cut down to the absolute minimum, and there is no risk of broken valves or bolts falling into 
the compressor. These machines are run at from 450 to 750 revolutions per minute. 


Like the author, I am of the opinion that high-speed refrigerating machinery will, in time, come into 
use for marine work. 


I am somewhat disappointed with the brevity of the author’s notes on insulation. True, there are no 
great departures in the way of new systems of insulating, but I am sure Mr. Townend could have given 
us much useful information under this heading which would, no doubt, have added great value to the 
discussion of this paper. Insulation is a most important branch of refrigeration, as it is estimated by 
authorities that at least four-fifths of the work is expended in taking up heat which comes through the 
insulation. With reference to the “ panel” system of insulating, the latest method shown in Sketch 3, 
Fig. 10 shows a decided weakness in the bolt which secures the wood ground to the frame of the vessel. 
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The bolt is a direct and uninterrupted conductor of heat from the vessel’s shell plating to the insulated 
chamber. Again, the wood ground which is in direct contact with the shell through the frame, is a 
poor insulator. No means of reducing heat leakage should be neglected, no matter how small, and the 
conductivity of the frames is, in my opinion, a very important matter. 

In recent tests made on a newly insulated vessel a thermometer placed about 14 inches into the 
insulation and in close proximity to a frame, but not touching it, registered 26° F., while one placed 
at the same depth well away from the frame registered 6° F., a difference of 20°. At the same time 
a third thermometer placed 10 inches into the insulation well clear of frames registered 42°F. This 
clearly demonstrates the importance of preventing leakage of heat from the frames of a vessel. 

Rarely do we get more than one inch clearance between the faces of frames and the wood lining of 
the insulation, so that much loss must take place from this source, 

With reference to the remarks of Mr. Carnaghan regarding the electrical welding of the butt joints 
of the brine grids in the chambers of vessels, may I say that these are welded in many cases, but there are 
large insulated vessels at present building in which many joints are of the screwed type mentioned in the 
paper. In the former type the grids are made up at the works of the manufacturer, where the inter- 
mediate ends in the grids can be conveniently electrically welded. This enables the grids to be placed 
in position on the vessel when they only require to be coupled together. But the grids are coupled 
together by means of the screwed type of coupling referred to. Then, again, all brine pipe leads from 
the evaporators to the grids in the chambers are cut to their required lengths on board the vessel, and the 
ends of these are always connected by means of screwed couplings ; so that in every vessel where brine 
circulation is employed in cooling the chambers a great many screwed couplings are used. 


Mr. A. G. AKESTER. 


The question of refrigeration has interested me in a general sense for some years now and I should 
like to have it recorded in our transactions that a good deal of valuable information about refrigeration 
problems is published from time to time by the Department of Scientific and Industrial Research under 
the auspices of the Food Investigation Board, 

Besides publishing an annual report which is a review of the operations of the Board for the year, 
numerous special reports are issued dealing with problems that have been investigated on account of 
their vital relation to the proper transport of refrigerated goods. 

With facilities for full scale experiment and observation by skilled engineers, chemists and 
physicists it is not to be wondered at that the Food Investigation Board’s reports are receiving more and 
more the attention they deserve. 

It is not necessary here to detail the results of these various investigations, interesting though they 
are, but all those allied to the subject of refrigeration in one or other of its many branches, would I think, 
find it to their advantage to keep in touch with these reports as they appear. I have no doubt the author 
has already availed himself of this opportunity. 


Mr. 8. F. Dorey. 


The subject of refrigeration is becoming increasingly important with the growth in consumption 
of imported meat and produce, and Mr. Townend’s paper is thus particularly welcome. : , 

It would be difficult to cover the whole ground of refrigeration in one paper, and, while it is hoped 
that much of further interest will be brought forth in the discussion, which may possibly lead to mere 
papers being read before the Association dealing with this important subject, perhaps the author may also 
find time to give further information on certain parts which may be of general interest. 

Under the section dealing with the cycle of operations mention might be made of the method for 
determining the points “a” and “b,” in figures 8 to 6, at which adiabatic compression commences and 
finishes, and the effect of their position on the coefficient of performance. A further example could be 
given, with CO, for working substance, in which the temperature of the cooling water is so high, that the 
pressure during cooling is above the critical range. This is the condition often met with when a vessel is 
steaming through tropical waters. 
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To come to my remarks on the author’s paper. On page 3 he states that brine grid pipes are 
usually specified to be 7 gauge, which when screwed gives only } inch thickness over the threads, which 
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explanation of how this packing acts when compressed. What are the perforations in the inner liner 
for? Are they to assist in lubricating the rod or are they intended to allow the metal to be squeezed 
close up to the rod. I cannot see that it can be an efficient packing, but perhaps Mr. Townend can 
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introduced them about 1910 or 1912. 


Referring to high-speed refrigerating machines, the spring-loaded dise valve is not by any means a 
new type, as it has been in use for many years. While speaking of high-speed machines, it might be 
interesting if I describe briefly a type of machine now on the market, which entirely dispenses with 
spring loaded valves, the suction and discharge being controlled by means of a sleeve valve operated by 
eccentrics from the crank shaft. The sleeve is really a steel liner which travels in the bore of the 
compressor, the piston working inside the liner, covering and uncovering the ports. By this means the 
clearance is cut down to the absolute minimum, and there is no risk of broken valves or bolts falling into 
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Like the author, I am of the opinion that high-speed refrigerating machinery will, in time, come into 
use for marine work. 


I am somewhat disappointed with the brevity of the author’s notes on insulation. True, there are no 
great departures in the way of new systems of insulating, but I am sure Mr. Townend could have given 
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The bolt is a direct and uninterrupted conductor of heat from the vessel’s shell plating to the insulated 
chamber, Again, the wood ground which is in direct contact with the shell through the frame, is a 
poor insulator. No means of reducing heat leakage should be neglected, no matter how small, and the 
conductivity of the frames is, in my opinion, a very important matter. 

In recent tests made on a newly insulated vessel a thermometer placed about 14 inches into the 
insulation and in close proximity to a frame, but not touching it, registered 26° F., while one placed 
at the same depth well away from the frame registered 6” F., a difference of 20°, At the same time 
a third thermometer placed 10 inches into the insulation well clear of frames registered 42°F. This 
clearly demonstrates the importance of preventing leakage of heat from the frames of a vessel. 

Rarely do we get more than one inch clearance between the faces of frames and the wood lining of 
the insulation, so that much loss must take place from this source. 

With reference to the remarks of Mr. Carnaghan regarding the electrical welding of the butt joints 
of the brine grids in the chambers of vessels, may | say that these are welded in many cases, but there are 
large insulated vessels at present building in which many joints are of the screwed type mentioned in the 
paper. In the former type the grids are made up at the works of the manufacturer, where the inter- 
mediate ends in the grids can be conveniently electrically welded. This enables the grids to be placed 
in position on the vessel when they only require to be coupled together. But the grids are coupled 
together by means of the screwed type of coupling referred to, Then, again, all brine pipe leads from 
the evaporators to the grids in the chambers are cut to their required lengths on board the vessel, and the 
ends of these are always connected by means of screwed couplings ; so that in every vessel where brine 
circulation is employed in cooling the chambers a great many screwed couplings are used, 


Mr. A. G. AKESTER. 


The question of refrigeration has interested me in a general sense for some years now and I should 
like to have it recorded in our transactions that a good deal of valuable information about refrigeration 
problems is published from time to time by the Department of Scientific and Industrial Research under 
the auspices of the Food Investigation Board. 

Besides publishing an annual report which is a review of the operations of the Board for the year, 
numerous special reports are issued dealing with problems that have been investigated on account of 
their vital relation to the proper transport of refrigerated goods. 

With facilities for full scale experiment and observation by skilled engineers, chemists and 
physicists it is not to be wondered at that the Food Investigation Board’s reports are receiving more and 
more the attention they deserve. 

It is not necessary here to detail the results of these various investigations, interesting though they 
are, but all those allied to the subject of refrigeration in one or other of its many branches, would I think, 
find it to their advantage to keep in touch with these reports as they appear. I have no doubt the author 
has already availed himself of this opportunity. 


Mr. 8S. F. Dorey. 


The subject of refrigeration is becoming increasingly important with the growth in consumption 
of imported meat and produce, and Mr. Townend’s paper is thus particularly welcome. : ; 

It would be difficult to cover the whole ground of refrigeration in one paper, and, while it is hoped 
that much of further interest will be brought forth in the discussion, which may possibly lead to mcre 
papers being read before the Association dealing with this important subject, perhaps the author may also 
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finishes, and the effect of their position on the coefficient of performance. A further example could be 
given, with CO, for working substance, in which the temperature of the cooling water is so high, that the 
pressure during cooling is above the critical range. This is the condition often met with when a vessel is 
steaming through tropical waters. 


4 


With regard to the thickness of brine pipes, if the threads were carefully cut a bare $ inch thickness 
would be left in 7g. pipes which would appear quite sufficient. It should however be borne in mind that 
the method of screwing these pipes is usually not all that could be desired and a thicker pipe has 
much to recommend its use, though an increase in the thickness to 6g. means an increase in weight of 
nearly 10 per cent. 


Cast iron piston rings and metallic packing for the rods of CO, machines have been in general use 
for many years and found to give every satisfaction. 


The author’s experiments on heat transfer between the refrigerant NH, and water are very interesting 
and their value would be still more enhanced if more detailed information could be given. For instance, 
Grashof’s formula and Osborne Reynold’s Law might have been quoted and the equations given for the 
straight lines shown in Fig. 8. The highest line for 75° also needs explanation. 


Of course it is to be expected that the conditions under which the trials were carried out compare 
very favourably with those in actual practice. At the same time the figure given by the author, namely 
about 45th the surface allowed in ordinary practice is extremely interesting. Coils in condensers and 
evaporators are generally very close together which not only reduces their value for heat transmission but 
also prevents effective circulation of cooling water and brine. A reduction in the volume of the coils 
by spacing them further apart and not too near the bottom of the container and retaining the same 
volumetric capacity of the condenser and evaporator would therefore appear to give satisfactory results. 


With regard to insulation will Mr. Townend state, approximately, the usual thicknesses of various 
insulating media employed in vessels ? The thickness of the insulation on the sides and under the decks 
of a vessel will be governed, to a certain extent, by the depth of the frames and beams, but this will not 
apply to tank tops and bulkheads. 


Mr. J. CARNAGHAN. 


Several members have referred to the author’s statement on page 3 relating to the thickness of the 
pipes forming brine grids. In a number of vessels with large refrigerating installations constructed by 
a well-known firm of refrigeration engineers these pipes were of lap welded iron having a thickness of 
No. 6 8.W.G., but the present practice appears to be the adoption of No. 7 S.W.G., whether the pipes 
are of lap welded iron or of solid drawn steel. The difficulty of undercutting the screw threads was not 
experienced in the case of the thicker pipes, and it is possible to overcome this difficulty in another way 
than that suggested by the author. As Mr. Gemmell pointed out, to increase the thickness of these 
pipes means an appreciable increase of weight and cost, especially in large installations. It is an 
established practice, where wrought iron or steel pipes are used for condensor or evaporator coils, to 
form the connecting ends with pipes of considerably greater thickness than those forming the body of 
the coils. This not only gives a substantial thickness at the bottom of the screw threads, but also 
provides for any reduction of thickness by corrosion in way of the glands through which the connecting 
ends of the coils pass. If this can be done in these instances it would appear to be asimple remedy in the 
case of brine grids, and would have the additional merit of permitting the use of pipes of reasonable 
thickness in the body of the grids. It is desirable that the number of joints in the brine piping within 
the chambers should be reduced to a minimum, and if this is done the number of thickened end pieces 
would not be appreciable, neither would the cost be greatly affected, as it is a very simple matter to 
arrange for these special ends when the electric butt welding process is in use for joining the lengths of 
pipe composing the grids, 

It might be mentioned that where running joints are used it is good practice to face the ends of the 
couplings and fit back nuts. The ends of the pipes are generally screwed for a definite distance so as to 
ensure that each pipe has an efficient hold in the coupling. Also, after the pipes and couplings have 
been satisfactorily tested in place the exposed parts of the screw strands should be painted in order 
to prevent corrosion. 


On page 4 the author suggests that the volume of the condensers might be reduced and the design 
be improved by giving a quick straight-through passage for the cooling water. With regard to the 
cooling surface of condensers and evaporators it would seem evident that the present practice of the 
established makers of refrigerating machinery is the result of considerable practical experience. It must 
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be remembered that with cooling water of high temperature, and especially in the case of CO, machines, 
the gas sometimes fails to liquify, and in these circumstances it is essential to have a reserve of cooling 
surface. 


With reference to the subject of liquid pre-cooling, it is generally admitted that the efficiency of a 
CO, plant can be considerably increased when the cooling water and air temperatures are high ; but the 
increase of efficiency is not so evident when the temperatures are of a lower order. There appears to be 
no special reason why liquid pre-cooling should not be adopted, where ammonia is used as a refrigerant, 
with as satisfactory results as in the case of carbonic acid, and any appliance which will increase the 
efficiency of the refrigerating plant where tropical conditions are encountered deserves special considera- 
tion. The reference to evaporators calls to mind several instances of improvements effected on existing 
evaporators of the cylindrical shell type in which their efficiency was increased by fitting internal baffle 
plates at the inlet branches, thus causing the brine to swirl within the shell and render the coil surface 
more effective. This alteration also had the merit of preventing any noticeable deposit of muddy matter. 
The use of any cleaning fluid for removing deposits, blisters and other objectionable matter from the 
circulating water side of gas condensers when the coils are filled with gas and liquid should not be 
recommended, as, especially in the case of NH, condensers, it might lead to accidents if incrustations at 
any leaky part of the coils were dissolved. 


Regarding the panel system of insulation, it is not clearly seen why this system would minimise fire 
risk during construction, as wherever wood is used there must always be the possibility of fire through 
carelessness. The author might have advanced further claims for this system as compared with the usual 
wood lining system, viz: greater economy in the amount of wood required and saving of time in 
construction owing to the linings being delivered on board cut to length and ready for fitting in place. 
Another feature is that the fitting of the insulation can be proceeded with in the parts of the holds already 
completed, leaving those parts where scuppers, scupper pipes, air and sounding pipes and similar fittings 
are to be fitted between the frames until the shipbuilder has completed his work. 

With reference to Mr. Dorey’s enquiry respecting the thickness of insulating material, may I explain 
on the author’s behalf that, generally, the thicknesses are determined by the depth of the frames, deck 
beams and bulkhead stiffeners, it being the usual practice to allow not less than an inch between the inner 
sides of the outer linings and the edges of these parts of the ship’s structure. The minimum thicknesses 
are determined on the merits of each case, but where frozen and chilled cargoes are carried the thicknesses 
of the insulating medium, ex-linings, should be not less than: tank top 6 inches, sides 8 inches, weather 
decks 8 inches, stokehold bulkhead 10 inches, and other bulkheads 8 inches. 

In conclusion, I wish to add my thanks to Mr. Townend, and to assure him that I have found 
considerable interest in his treatment of this subject. 


Tue PRESIDENT. 


The subject discussed this evening is one of great interest and importance to this Society, affecting 
as it does one of the branches of its wide field of operations, and I am sure we appreciate very much the 
excellent paper which we have listened to. 

I think there are few papers which have been read before this Association which have contained so 
much information in so small a space. 

The subject is one which appeals not only to the members of the Association but has a direct 
bearing on the well-being of the British community. It is a subject which has greatly developed in 
recent years in its practical application to the preservation of foods which we in this island are compelled 
to import from our colonies and other countries beyond the seas. 

But for the high state of efficiency of our refrigerated vessels it is difficult to realise how we could 
have existed during the long drawn out drama of the great war. 

We are therefore glad to welcome this paper, and I am sure it will form a valuable addition to the 
proceedings of the Association. 

Before calling upon the author to reply to the discussion I would like to refer to two little points, 
one at the beginning and the other at the very end of the paper. 
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The author, speaking of the cycle of operations, page 1 of the paper, proceeds to define “ entropy,” 
but he really does not do so, he only tells us symbolically what “increase of entropy ” is. 


Now some of us who are not closely associated with the principles of the heat engine may not quite 
understand what entropy really is. 


I think it may be defined as “that property of a substance which remains constant when a body 
assumes different physical states without gaining or losing heat, from or to external sources.” So that 
adiabatic or isentropic lines are lines of constant entropy, just as isothermal lines are lines of constant 
temperature. 


Perhaps the author will be good enough to expound upon the definition a little more, and take us a 
little farther into the underlying principles of this important subject. 

The other point to which I would like to refer relates to insulation, page 5 and Fig. 10 of the 
paper. 

At the time I was a surveyor in Newcastle I had the privilege of being associated over a period of 
some four or five years with the late Mr. John Heck in the examination of refrigerated vessels which 
came into the Tyne. It seems to me that the methods of insulation in vogue at that time, were not 
quite the same as that shewn in Fig. 10. 


I think that generally there were two skins of wood with an interlining of other materal, and charcoal 
was used for the most part as the insulating material. I am wondering whether that method has now 
been entirely superseded, and what are the relative advantages or disadvantages as compared with the 
method indicated in the paper. 


The examination of refrigerat:d chambers is always interesting, but carries with it an element of 
risk. [ think there are few duties which the surveyor is called upon to perform which are more exacting 
upon his health than this work. This may be understood when it is realised that perhaps on a broiling 
hot summer’s day he may have to go into the hold of a meat boat which is discharging cargo, at a 
temperature a little below freezing, experiencing a sudden change of some fifty to sixty degrees of 
temperature. 


CORRESPONDENCE, 


Mr. J. E. Minton. 


Mr. Townend’s paper, unlike some of its immediate predecessors, has the merit of brevity. There 
are, however, several points in it which call for criticism. 


Attention might have been drawn in his brief statement on ‘ Action of Refrigerating Machines” to 
the conditions necessary for maximum efficiency, and to the great reduction in this efficiency which 
follows a considerable rise in temperature of cooling medium, water. 


As regards function 1, page 2—the statement that this is unchanged by the free expansion of the 
liquid through the regulating valve, although generally assumed, is an assumption only and is incorrect, 
as eddy and frictional effects, ete , are ignored. 


In “ Methods of Refrigeration,” mention might have been made of the Cold Air Machine, there 
being still several of these doing useful work on board ship. 


His experiments on cooling surfaces necessary for liquefaction of ammonia are interesting, but I am 
doubéful as to the desirability of altering present practice in the direction he suggests. He, himself, 
advocates more coil surface in the evaporator, and in practice it is the water side of gas condensers 
which requires most frequent cleaning on account of accumulation of mud from rivers, etc. 


As regards pre-cooling—(page 5)—multiple effect machines have an undoubted theoretical gain in 
economy and output over the ordinary type, particularly where sea water temperature is high, The 
other arrangement mentioned by the author appears to me to be a case of robbing Peter to pay Paul, and 
I fear that other conditions, not mentioned in the data of the two voyages mentioned, have contributed 
mostly to the results obtained. 
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As regards Fig. 9 in the paper a printer’s error has obviously occurred in the figures denoting 
freezing points. These should be 0°,—20°, —40°, &c. The form of curve of freezing points corresponding 
to various percentage strengths of ammonia appears extraordinary to me. For instance, there would seem 
to be is different strengths of solution with freezing point at —85°. See figure :— 
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Thanking Mr. Townend for his paper on this most interesting subject. 


Mr. J. HArsBorrue. 


I have had much pleasure in reading Mr. Townend’s paper. The application of the temperature 
entropy or theta-phi diagram shows the thermal changes taking place in the compressor. An ordinary 
card or diagram taken from a compressor only shows the amount of work done, while it does not take 
into consideration the amount of gas used. ‘The entropy diagram shows by its area the proportion of 
useful heat, or heat utilised, to heat received. At first glance one is inclined to think we get something 
for nothing when we get T Fay greater than unity, as by reducing the difference of temperature 

OT ocd! 
between T, and T, the efficiency in its thermo-dynamic sense is increased. 

It is rather a long process to construct two boundary curves with lines for constant pressure and 

constant volume, but once done the indicator diagram (whether actual or hypothetical) could be super- 


imposed and work done seen at once. If we use a hypothetical card the relation of y or KV should be 


known. I have had the figure 1°334 given for ammonia; perhaps Mr. Townend will check this and be 
able to give the value of gamma for CO, Many years ago Captain Sankey pointed out that the specific 
heat of gases is not constant at high temperatures, but I think these temperatures would be outside the 
range found in refrigeration. I would like Mr. Townend’s opinion on this. The paragraph on pre-cooling 
is very interesting, and I quite see now why in the CO, machine so many compressor leather packings 
were burnt, owing to keeping up the heat in the discharge pipe, as the hotter the pipe the better the 
work done by the machine. Of course there was no pre-cooling but only the gain in cooling the hot CO,. 
The adoption of metallic packings is a great help towards higher duty, not only in the saving of leather 
packing, but less arctic oil is used and oil in the system is not conducive to efficiency. With regard to 
the gauge of pipe used in brine grids, I quite agree with Mr. Townend. If pressure only were to be 
considered less than 47,)th of an inch would do, but 5},th of an inch is certainly very little for wear and 
tear, stresses due to check nuts, ete. 

The experiments to find the relation between cooling surface and volume of gas condensed in 
condensers are very interesting, and Mr. Townend’s statement that the surface might be reduced with 
advantage appears to be right. The only drawback would appear that less surface being given, we might 
have a state of ebullition in the water through air molecules, as we have in some steam condensers. In 
his paper on the rapid corrosion of condenser tubes, Dr. Bengough showed that in every case in which 
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rapid corrosion had taken place, it was found to be in condensers in which the velocity of the cooling 
water had been increased so as to obtain higher duty, namely, less cooling surface per lb. of steam 
condensed, or per [.H.P. Of course Dr. Bengough’s experiments only dealt with yellow metal mixtures, 
but the same applies to iron mixtures in contact with vrated water. In the carriage of fruits, No. 3 
method is generally used, and great care must be taken in adjusting the slides on the air ducts in case 
one part of the hold is a different temperature to the other. In the case of bananas if the temperature 
is too high the fruit starts to ripen, and if too cold they go black ; so in this system tle personal element 
plays a large part. I thank Mr. Townend for his excellent paper. 


Mr. F. B. Smita. 


Mr. Townend does not mention in his interesting paper under the heading ‘* Methods of Refrigeration ” 
the dry air machine which, on reference to the Register Book, is still found to be in use, 

The author's suggestion that brine pipes hidden out of sight in feed and return casings should be 
made heavier than the other brine piping is worthy of consideration and [ would ask him if, in view of the 
fact that these pipes often corrode externally, and even when the casings are removed are difficult to scale 
and coat, he would not at the same time advocate the use of piping galv anised in these casings. At the 
present time it is often difficult to persuade those in charge of the advisability to strip the casings for 
examination of the pipes and in many cases it is not convenient to do so when passing through bunker 
spaces, partly filled. 

The figures quoted for a simple type of pre-cooler arrangement on page 5, which give a reduction of 
fifteen revolutions per minute in the running of the machine in equatorial waters and at the same time 
a drop of six degrees in the temperature of the frozen cargo, are apt to be misleading as no information is 
given regarding the temperatures of atmosphere and circulating water prevailing at the time the two 
cargoes were loaded. ‘These may easily have been as much as twenty degrees lower on the occasion that 
the figures for the voyage with the pre-cooler were taken, and, if so, would have a beneficial effect 
throughout the homeward voyage. The same remarks apply to the length of time taken to cool down 
identica! chambers. Mr. Townend’s figures show a saving of nine hours out of twenty-three by the use of 
the arrangement referred to, which would mean great economy to the shipowner and one would expect 
to see this eagerly taken up. I would like to ask Mr. Townend if he has any data as to the conditions 
at the time of loading on the two occasions cited. 

The temperature of the circulating water enters into the trial mentioned when 6 out of the 13 coils of 
a CO, condenser were shut off without “showing any difference on the gauges, as with a circulating water 
of low temperature the majority of machines are not working to full capacity, but with sea water, 
temperature 80° to 84°F., a bigger volume of gas has to be dealt ‘with and larger amount of coil surface 
would be required. Unless the trial quoted was carried out under high temperature conditions the 
results cannot be considered as confirming the contention that the volume of coils for CO, condensers 
could be reduced without loss of efficiency of the machine. It is noted that later in the paper the 
author advocates increasing the coil surface of the evaporators. As the functions of the gas condenser and 
evaporator are analogous does not the same argument hold good in each case ? 

It is doubtful whether the fluid referred to for cleaning the evaporator is to be recommended, as 
many of the advertised cleaners are very searching and have a tendency to cause troubles not expected. 
A safer and equally efficient method would be to fill the evaporator with a strong solution of soda and 
boil for about twelve hours and then wash out. It would be interesting to have the author's opinion as to 
the fitting of a filter on the discharge side of the brine pump, preventing the evaporator coils being 
coated with grease and dirt, and lowering their efficiency. At the same time, the brine running from the 
returns would be a clear liquid intead of the thick, inky-looking fluid which often is pumped through 
the brine pipes as a cooling medium. 


Mr. L. C. Davis. 


Mr. Townend raises a number of interesting points in his paper. The author's reference to the 
thickness of the ends of brine pipes after screwing is timely, as a sad lack of co-operation between 
manufacturers and users is revealed by examination in this connexion. The brine pipes, as supplied, are 
invariably of too large an external diameter, resulting in a serious loss of thickness in screwing before the 
over thread diameter is reached. ‘ 
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Even under the best conditions a screw thread constitutes a nick and this undesirable feature is 
aggravated when the outside diameter of the pipe is in excess of that of the screwed portion. Cases have 
occurred when attempts to minimise this defect by increasing the gauge of the pipes have resulted in a 
condition worse than the first, owing to the fact that the extra material was put on the outside of the 
pipes instead of inside, the screwed diameter remaining standard. 

The strongest screwed coupling pipe joint and the one least subject to failure from fatigue when, as 
the case in point, fully covered vanishing threads are impossible, is attained by using pipes having a 
slightly smaller outside diameter than the standard diameter of the thread. The reeling action of the 
dies will still ensure a full thread if the proportion of the diameters is correct. Moreover, should the 
reduction of pipe diameter below standard screw diameter be overdone and the thread in consequence be 
not quite fully developed, the defect is of a far less serious nature than is the step resulting from the 
use of pipes having an external diameter above the standard screw size. 

The risk of damage to insulation, resulting from possible water leakage, makes it expedient to test 
brine pipes by compressed air but, owing to the difficulty in locating a small air leak, the process is 
a poor second best from the test point of view, and it must be confessed by all who have had experience 
of the system that the percentage of leaks discovered, varies inversely with the amount of noise made by 
shipyard workers in the immediate vicinity. 

The best time for an air test on brine pipes is during the meal hours. I believe that similar 
conditions are insisted upon in Holland, and it would be well if the practice were more general. It is 
submitted that in places where no risk of damage to insulation is involved, that a water test might with 
advantage be made in lieu of one with compressed air, particularly in the case of service brine pipes which 
are afterwards to be cased in, out of sight. 

I wish to thank Mr. Townend for his interesting and instructive paper. 


Mr. J. D. Boyne. 


Several years ago, while delivering a series of lectures on the ‘* Mechanical Production of Cold,” an 
eminent Professor of Engineering remarked that it was open to conjecture that we were sometimes 
indebted to mechanical refrigeration for the supply of that ‘prime old English beef and mutton” for 
which we, in any case, pay home prices. Great developments have taken place in the carriage of frozen 
and chilled cargoes since that time (1897), so probably supplies of the ‘thome fed article” have 
correspondingly increased. 

In connection with the entropy and Mollier’s charts which Mr. Townend illustrates in the paper, it 
is observed that in Figs. 3 and 5, the compression line a b is shown purely adiabatic while in Figs. 4 
and 6 an increase of entropy appears to be taking place during this part of the cycle. In making this 
distinction, does the author imply that the vaporous substance (Ammonia) is drawing in heat from the 
compressor walls, while the CO,, which is nearer the state of atrue gas, is not affected in this way by any 
interchange? Again, since it is understood that every irreversible operation—such as free expansion 
through a regulating valve—is accompanied by an increase of entropy, should the line e f in Figs. 4 and 6 
he as perpendicular to the ¢—axis as the author actually shows it? If this gradient is correctly plotted 
in the diagrams, then the throttling of the ammonia through the reducing valve appears to be as efficient 
as if the substance were expanding adiabatically and doing work in an expansion cylinder. 

At the top of page 3 the author mentions that it is good practice, when cooling down the chamber, to 
circulate the brine more slowly so as to get a quicker transfer of heat. This appears to be contradictory 
to Osborne Reynold’s Law for boiler heating surfaces, etc. mentioned by the author about the middle of 
page 4 in the Paper. Is it a case of the exception proving the rule ? 

[ think the Association is much indebted to Mr. Townend for this Paper, if only for the fact that the 
design and performance of refrigerating machinery have been based on thermodynamic principles, perhaps 
to a greater extent than have any other heat conversion applications throughout the field of power 
engineering. 


Mr. R. Barour. 


The author has devoted a considerable amount of time to studying the important subject of 
Refrigeration and carrying out experiments at the Liverpool University, and I can well understand his 
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difficulty in doing himself justice in a short paper, as the literature published on Refrigeration is very 
extensive and emphasises the importance of this subject. It may be mentioned that by the laws of nature :— 


Water boils at ... et Prt ae cae ee sn 212° Far. 
Ammonia ae eS — ati = pet ave — 28° Far. 
COT Be a MS OM nef ues ae .» —125° Far. 


and the critical temperatures of the two latter, are 130° F. and 89°, respectively. 


The author, at the outset, deals with the principles involved in the machinery of the vapour 
compression type, and rightly refers to the reversibility of the steam or heat engine as representing that 
of the refrigerating machine or “heat pump.” 

Referring to the analogy of the two cycles described and shown in Fig. 1, I prefer the synonymous 
terms, thus :—‘ compressor ”—expander; “ condenser’”—common, and “evaporator”—hboiler (brine 
being the fuel), and as the anthor, later in his paper, attaches great importance to pre-cooling of the liquid, 
I should insert between the “condenser” and “feed pump” a “feed heater” and “feed cooler.” He 
gives the theoretical method of computing the horsepower and work done by aid of the Mollier chart. 
This method is used by most makers of refrigerating machines. Incidentally, these charts can be 
purchased at very small cost. 

Under the heading of “Methods of Refrigeration,” attention is drawn to the couplings of brine pipes. 
These parts give the Surveyors more trouble and anxiety than any other in installations, particularly on 
board ship. I have often thought that makers should be compelled to have the threaded ends of the pipes 
thickened soas to ensure the thickness of the metal at the bottom of the threads being uniformly as thick 
as the body of the pipe. 

He then deals with his experiments with the aid of a calorimeter in finding the relation between 
cooling surface and weight of gas condensed, and of heat transfer in condensers of the submerged type; 
these tests were carried out under ideal conditions of cleanliness and are very interesting and helpful. 
In this connection, however, makers usually allow a high percentage of excess surface as a result of 
experience, not “rule of thumb,” owing to the frequent silting up of matter in condensers and 
evaporators. Besides, there are few, if any, liquid storage vessels in the cycle of marine installations. I 
would be the last to encourage reduction of surface in either case, and care should be taken of these 
important parts in checking and comparing tenders for new installations. No one appreciates scientific 
investigation and experiments more highly than I do. In passing, my mind goes back about 36 years, 
when scientists opposed the idea of using CO, as a refrigerant in tropical temperatures of cooling water— 
What do they say to-day ? 

With regard to the pre-cooling, I am entirely in agreement with the author. I remember the time 
when the feed water heater was introduced. What a hue and cry was raised about it, as “robbing Peter 
to pay Paul” !—What about it now? 

At this stage I would like to quote an extract from the views of Sir W. Hardy, Director of the 
Ministry of Food on the qualification of Refrigeration Engineers of the present day, in this month’s issue 
of “Cold Storage” —which reads as follows :— 

The refrigerating engineer, if he be properly qualified, is much more than a mechanical 
engineer ; the fundamental data which he has to translate into engineering practice are not 
engineering, but biological. In his criticism of practice, his design of cold stores or his calculation 
of heat units to be removed, the basal quantities involved are, for example, the heat given off by 
fruit as a function of temperature; degree of ripening and botanical species; the chemical nature 
of odorous bodies given off by fruit, and their rate of absorption by other produce in terms of 
concentration and temperature; or the post-mortem production and diffusity of heat in carcases. 

An elementary knowledge of the physiology of fruit and vegetables and of the structure and 
chemistry of muscle. 

These biological and physiological quantities are not readily amenable to exact measurement, 
but tables of some of them can, and I hope will in time, be prepared, and they should then be as 
much the companion of the refrigerating engineer as are, for example, his tables of entropy.” 


In conclusion, I thank Mr. Townend for his valuable contribution to the Transactions of the 
Association. 


REPLY BY THE AUTHOR. 


In reply to Mr. Beveridge, the author bas had very little experience with pre-cooling plant. 
Descriptions of those of the Seager and other similar types now made, are to be found in some of the 
articles on the Wembley Engineering Exhibits, published in “ Engineering” last year. 


The definition—if it may be so termed—of Entropy, which has given rise to some debate, is that 
adopted in the Report of the Committee on Refrigeration appointed in 1914 by the Institution of 
Mechanical Engineers, to suggest a standard cycle of operations in vapour compression machines. 


Dr. Laws’ definition, by describing its properties, resembles that adopted for the function 1—total 
heat. : 


Mr. Gemmell and others raise the question of pipe couplings. The instance mentioned in the paper 
was purposely taken to show what errors can be made in manufacture. They were 1} inch leads and 
returns, and the suggestion for a thicker gauge was intended to apply to these only. It is noted that, to 
this there is general agreement. 


With regard to Fig. 7, the perforations are both for lubrication and collapse ; before the adoption 
of the outer ring, the inner ones were found to bulge. This type was only mentioned as a somewhat 
novel one, not with any suggestion that it was superior to others. 


There are many varieties of metallic rod packing ; each has its advocates, and each seems to give 
satisfaction in the hands of men who understand its adjustment. 


Several shipping firms are still running their older vessels with leather piston and rod packings, 
instead of converting them, as some have done, to metallic types. 


The author has not learnt of the adoption of dise valves in ammonia machines in marine practice. 
Fig. 10, sketch 3, was only intended to give a rough idea of the method. The bolt head is insulated 
from the frame or beam, and the ground three inches deep is quite as effective an insulator as a layer of 
felt and T. & G, Lining as in many designs. The author, however, agrees that the insulation of inner 
faces of frames requires close attention. 


Fig. 10, sketch 3, is now modified as shewn :— 
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With regard to Mr. Dorey’s remarks, Grashof’s formula for mean difference of temperature between 
water and gas, where these travel in opposite directions is ; 


T, — t.) 
log, es ; 
°° (I, — t) 
where T; T, are initial and final temperatures of gas. 


Bb % be 35 water, 
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Prof. Reynolds’ Law states that the heat units transmitted per degree difference of temperature H 
of fluid and metal surface may be expressed in the form A + B py, where A and B are constants, p the 
density of the fluid, v its velocity. 


The equations to the straight line graphs are : — 


Glo wa. aoe ese eae wes H = :092 C + °88 
Ure pens SE one es te = ‘2138 C — ‘05 
BOP paar. : + wed see ee = 1860 +°15 
Ub Stata pea aia ye ah ='195C— °1 


where C — swept piston volume in cubic feet per minute, a function of v. 


The highest line for 75° was inserted from a set of readings when the temperature differences were 
greater, owing to the machine being somewhat overcharged. 


The question of insulation thicknesses is dealt with by Mr. Carnaghan. 


I have to thank Mr. Akester for his reference to the Reports of the Food Investigation Board ; 
some of us would be glad to have copies of these, and I have read many of them with much interest. 


In reply to Mr. Carnaghan, the point intended to be brought out by the writer’s experiments, was 
that condenser surface should be based on the quantity of gas used, as in steam practice ; and the ratio 
given is, as far as he knows, the only one hitherto published. It was admitted by a maker that 
proportions were based on precedent, and this led to the author’s search for a formula or relation between 
the factors. Makers are often bound by their specifications, and cannot always be blamed for lack of 
progressive methods. 


Under tropical conditions the latent heat of CO, is very small or even nil, and only the superheat 
requires to be removed, the further cooling taking place at the expense of the liquid itself, with great loss. 


As to pre-cooling ammonia, and also at lower temperatures of CO,, there is little or no gain, as the 
latent heat increases but slightly with a decrease of temperature, whereas the sensible heat of the liquid 
decreases at the same rate or even quicker, so that as much heat has to be extracted from the liquid as 
is gained in its subsequent evaporation. As to the cleaning of condenser and evaporator shells, this 
should be done when the coils are pumped out; any leak can be located afterwards and dealt with. 


The reference to fire risk with the Panel System was made by reason of there being less sawdust and 
shavings lying about decks and holds, and also a smaller quantity of material, the boards being fitted 
as delivered. 


The risk of fire during construction and repairs to insulation is very great through the common use 
of candles, and the uncommon amount of carelessness prevalent! The author remembers a case where 
firemen were constantly employed on watch in case of outbreak, owing to the amount of work in hand 
and to the fact that the insulation was charcoal. Three or four outbreaks took place in spite of these 
precautions. 


Dr. Laws’ remarks are much appreciated. The writer does not feel he can expound on Entropy 
much further. Like many other functions, it really does not admit of definition except by stating its 
proper ties. 


As regards the older methods of insulation, the air space and outer lining have been dispensed 
with as unnecessary expense, also the black proof paper between the double linings, which has been found 
to hold the damp and decay the lining adjacent to the insulation, while the visible inner sheeting appeared 
good. The outer lining and air space on tank tops has been dispensed with on account of the space 
gained thereby. Any slight gain is taken advantage of, as under some conditions of loading, spaces are 
sold to the shippers. 
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Charcoal has given way to cork, as also has slag wool—except for engine room and stokehold 
bulkheads—by reason of their liability to hold or absorb moisture and decay the woodwork. 


Mr. Milton suggests that the portion of the paper dealing with the action of machines might have 
been amplified ; but the writer was diffident of enlarging much on this subject, which can be studied in 
the numerous books and papers treating on this matter. 


The author adds however, a diagram for CO, under tropical conditions, in response to requests. 
Point a represents the condition of the substance entering the compressor; is obtained at the inter- 
section of the adiabatic line of compression (perpendicular to O), with a constant pressure line Oe 
corresponding to condenser pressure. 


Refrigerating effect ... ... ... = 29°5 


Work. GOnG.s%, siddstrse-lupcedyaiconn =k 91D 
Coefficient of performance ... = 3'2 


9? 


Bounonry LINE. 
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The whole treatment of the principles involved is theoretical, and leaves out practical losses, 


The suggested increase of volume of coil in evaporators has no bearing on condenser design; the 
evaporator is to be regarded as a reversed steam condenser—say of pear shape to take latest practice— 
in which a small volume of water increases to a large volume of steam ; any restriction, therefore, in the 
volume of coil (this being the only practical design) will lead to imperfect evaporation, or priming at the 
compressor. 


As to pre-cooling, the method of effecting this does not affect the principle involved, which is the 
same in either design, viz., the gain in latent heat exceeds the loss in sensible heat, which is evident from 
the study of the tables or Mollier charts. 


In Fig. 9, as he states, there is a printer’s error in the figures for freezing points. 
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The reasons for giving the graph of these freezing points was, that in the experiments it was found 
impossible to balance the heat gained by the cooling water with that lost by the ammonia as collected in 
the receiver, and measured by a gauge glass and calibrated scale. The writer thought that the ammonia 
must be dilute, but it was stated that this could not be, as it would freeze at evaporator temperature. The 
curve is to be found in ‘* Modern Inorganic Chemistry,” by J. W. Mellor, page 536. 


Mr. Harbottle asks for the values of ze or y. They are given in a paper, by J. Wemyss Anderson, 


in Proceedings of the Institute of Mechanical Engineers, 1912, as 1°29 for ammonia and 2°26 for CO,. 
The writer has no data as to the specific heats of the gases at high temperatures; they are constant 
within the range of refrigeration. 


As regards corrosion of condenser shells, in view of high speed of water, there is no prospect of this 
latter being excessive, as with the moderate alteration in design proposed, the area of water passage would 
vastly exceed the area of pipe; ¢., in a cylindrical type the diameter might be reduced to, say, one half, 
and still leave it many times that of the inlet pips. 


Mr. Smith’s suggestion to use galvanised piping for leads and returns is worthy of consideration, and 
in accordance with the best practice. Far less trouble has occurred with pre-war vessels so fitted, than 
with the many vessels built under pressure of war and post war conditions. 


As to the temperatures of air and cooling water when loading the vessel fitted with a brine pre- 
cooler, these were identical in the case of cooling down, viz., 78° air, 82° sea. 


In the other case, the cargoes being similar, and the temperatures down to those required, the 
machines would have equal work to perform, except for the additional work called upon to reduce the 
frozen temperature 6°, when using the cooler. There is no question of heat in the cargo, as with fruit, 
and the air in the chamber has been displaced. 


It is submitted that the coil surface of a condenser should be designed to cope with the maximum 
amount of heat in the gas discharged from the compressor. The difficulty with high sea temperatures 
lies not in liquifying the gas, but in the loss incurred in cooling the liquid from the condenser temperature 
to that of the evaporator. 


As stated above, the functions of condensers and evaporators are not analogous. The former has to 
do the work of a reversed boiler, condensing and containing the liquid charge ; the latter functions as a 
reversed steam condenser, evaporating the liquid to a maximum volume of dry vapour. 


The writer had experience of a brine filter fitted on a plant which had become very dirty ; it gave 
excellent results and soon cleared the system. Mr. Smith bears witness to the fact that brine is not 
always as clear as it should be, and under the conditions evaporators must soon collect deposit, being the 
seat of the slowest moving brine. 


The lines a 4, in Figs. 4 and 6, referred to y Mr. Boyle, being adiabatic, should have been 
printed perpendicular to their base lines. Line e fin Fig. 6 is horizontal, and in Fig. 4 should shew a 
slight increase in entropy. 


The quicker transfer of heat with slower circulation of air or brine is due, as pointed out, to the 
greater temperature difference obtained. This is quite independent of Reynold’s Law. Heat transfer 
equals temperature difference multiplied by the factor A + Bpv, instead of by a constant, which was found 
to vary with every change of conditions. 


In regard to Mr. Balfour’s remarks on gas condenser surface, this is dealt with above, in various 
paragraphs ; and it only remains to add, that the prevention of accumulation of mud is the object. in 
view, and this can be attained by a moderate alteration in design, to speed up the water to something 
approaching the pump velocity. His figures for boiling points are, of course, only true at atmospheric 
pressure. 


As to the analogy of the cycles, if one is to be regarded as the reverse of the other, the condenser 
cannot be “common” to both; the reverse of condensing the liquid substance is to evaporate or boil it, 
also, the reverse of evaporating the substance is to condense it, so that the evaporator and boiler do not 
correspond. 
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As regards the threading of pipes, the author fears that the keen cutting of prices is responsible for 
makers not adopting the methods suggested, cithur of using a plus thread or of welding short end 
lengths of increased thickness. It would be cheaper to supply leads and returns of thicker gauge; and, 
referring to Mr. Davis’s remarks in this connection, it is usual, and in fact essential from rolling 
considerations, to manufacture tubes of standard outside diameter equal to diameter over thread, and of 
any gauge thickness required. 


The quotation from the article by Sir W. Hardy is most interesting ; the addition of Biology to the 
many subjects required for an Engineer’s training, would, doubtless, tend towards greater proficiency in 
the profession. 


In conclusion, the author is much gratified at the interest shown in the subject of his paper, and 
feels that the kindly criticisms of the various members of the Association have amply justified the work 
entailed in dealing with it. 
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SOME NOTES ON WASTAGE AND CORROSION OF 
SHELL RIVETS AND PLATES. 


By WILLIAM BENNETT, B.Sc. 


READ 27TH JANUARY, 1926. 


As the general subject of Corrosion has already been very ably treated and discussed in many papers 
read before various Technical Socicties, it would seem almost superfluous to again review the subject 
at this time were it not for conditions which have since arisen, necessitating attention. It should 
be borne in mind that the references in this paper are particularly to American built and/or operated 
vessels, and while the same conditions may, or may not, apply elsewhere, it is hoped that the information 
may be found of some interest. 

It has come under observation recently that certain vessels have been dry docked and repairs made 
to the underwater riveting (not including the ordinary cases of damage repairs), due in some cases to 
slack rivets and, in others, to corroded rivet points. This condition has been particularly noticeable in 
some oi] tankers in the coastwise service, although it has also been found in some coastwise freighters, 
and even in a few transatlantic oil tankers. The condition does not seem to be confined to vessels built in 
the same locality, nor at the same time, although the worst cases seem to have been built towards the 
end of the war period. 


Some Recent EXAMPLES OF THE TROUBLE. 


In order to depict the conditions found, a few cases taken at random may be cited :— 

A freighter of about 6,000 gross tons, built in 1920, came into dry dock in 1925. Approximately 
108,000 rivets were renewed in the landing edges of the keel plates, in the bottom plating 
generally, on the sides from upper bilge to“ H” strake, and higher than this, in way of the oil fuel 
tanks. Nearly all of these rivets were renewed on account of general wastage and corrosion. One year 
had elapsed since the previous dry docking. The bottom appeared bare of paint, and slight pitting was 
observed generally over the bottom and sides. It is stated that this vessel had not been dry docked 
for recoating of the bottom for a period of eighteen months after she was built. 

An oil tanker of about 5,500 tons gross, built in 1917, came into dry dock in 1924. Approximately 
103,000 rivets in the keel to “ E” strake, principally in the butts, but also in the seams and 
longitudinals, were renewed (i.e. nearly all the bation shell rivets). Eight months had elapsed since 
the previous dry docking. The bottom appeared bare of paint, and slight pitting was observed on Plates 
B2 and Cl. The vessel had been trading to shoal water ports, such as Beaumont, Tex., Wilmington, 
Del., Savannah, Ga., Charleston, 8.C., Bayonne, N.J., and Havana, Cuba. It has been stated that at 
the last-mentioned port the vessel has sometimes been pushed through the mud, and that, in so doing, has 
been observed to lift from two feet to three feet forward. 

An oil tanker of about 8,000 gross tons, built in 1918, came into dry dock in 1925, when 
approximately 13,600 rivets were renewed in the keel strake, and 26,000 renewed in “A,” “B,” 
“OC,” “ D,” and “E” strakes, in seams, butts and longitudinals over the bottom, about 80 per cent. of 
which were due to wastage and corrosion. The vessel was dry docked eight months previously. The 
bottom was found bare of paint with a patchy scale, and slight pitting in places. This vessel also had 
been trading to shoal water ports. - 
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An oil tanker of about 5,500 gross tons, built in 1915, came into dry dock in 1923. Approx- 
imately 33,000 rivets were renewed in the keel to “E” strake, and some in “F” and “G” strakes 
over the whole bottom; about 75 per cent. of which were renewed on account of wastage and 
corrosion. Nine months had elapsed since the previous dry docking. The bottom appeared bare of paint, 
and slight pitting was observed on some of the bottom strakes. This vessel had been trading to shoal 
water ports, with long intervals between dry docking and recoating. She again came under survey in 
1924, when approximately 16,000 further rivets were renewed due to wastage and corrosion of points, 
and about 500 were renewed due to corrosion at heads. 


An oil tanker of about 7,000 gross tons, built in 1916, came into dry dock in 1925 for 
repairs. Approximately 4,000 rivets were renewed in the keel strake, and 24,000 in “ A,” “B,” 
“6,” “D” and“E” strakes, in seams, butts and longitudinals, scattered over the whole bottom. 
(Approximately 4,000 of those renewed were in way of the forward deep tanks.) About 75 per cent. of 
the above renewed rivets were on account of wastage and corrosion, 24 per cent. being renewed owing to 
proximity to trouble and to make the work continuous, the other 1 per cent. being slack. In addition, a 
number of shell butts were cut off due to wastage, and renewed with straps. This vessel had not been 
dry docked for eleven months. The bottom appeared bare of paint with a heavy scale. 


An oil tanker of about 7,000 gross tons, built in 1918, came into dry dock in 1925, when 
approximately 25,000 scattered bottom rivets were renewed, due to wastage and corrosion. 


An oil tanker of about 9,000 gross tons, built in 1916, came into dry dock in 1925, Approximately 
8,500 rivets were renewed, 90 per cent. of which was due to general wastage and corrosion. The 
vessel had been dry docked six months previously. The flat of bottom was found bare of paint, and 
some slight signs of pitting were observed. The rivets were of steel, with straight necks. Some of 
these showed signs of corrosion around the necks, as the heads were stated not to have been closed up 
against the shell plates. ‘This vessel again came on dry dock in 1925, when a further 50,000 scattered 
bottom rivets were renewed. 


An oil tanker of about 5,000 gross tons, built in 1919, came into dry dock in 1924, when 
approximately 14,000 rivets in the keel to “E” strake, principally in way of the pump room, 
Nos. 4 and 5 cargo tanks, and at forward fuel tanks, in the seams, butts, Jongitudinals, and bounding 
bars, were renewed owing to a very slight wastage and corrosion. The vessel had not been dry decked for 
nine months. The bottom appeared bare of paint in places, and a slight pitting was observed over the 
bottom and at the light load-line. This vessel had been trading frequently to Port Arthur, Tex. 


An oil tanker of about 7,000 gross tons, built in 1919, came into dry dock in 1925. 
Approximately 2,200 keel rivets and 13,000 rivets in “A” to “E” strake, scattered over the whole 
bottom, in seams, butts and longitudinals, were renewed, about 70 per cent. of which was due to 
wastage and corrosion, the remainder being slack. The vessel had been dry docked six months previously. 
The bottom was found bare of paint, with a heavy scale. The keel to “F” strake also showed a slight 
pitting. This vessel had been trading to Port Arthur, Tex., and it has been ascertained that, prior to 
the dry docking mentioned above, the usual docking and painting had been done only over long periods. 


An oil tanker of about 5,000 gross tons, built in 1917, came into dry dock in 1923. Approximately 
2,500 rivets were renewed in the shell and bulkheads, and about 2,000 caulked. Approximately 75 
per cent. of the rivets renewed were on account of wastage and corrosion on the points. This 
vessel again came on dry dock in 1925, when about 12,000 rivets were renewed in the keel strake. 
In addition, about 54.500 were renewed in “A,” “B,” “C,” “D,” “E” and “F” strakes, in seams, butts, 
and longitudinals. The latter renewals were made over the whole bottom from the keel to “1D” strake, 
and in strakes “E” and “F” in way of the midship tanks. Practically all these rivets were renewed on 
account of wastage and corrosion. The vessel was dry docked eight months previously, and it was 
ascertained that she had been dry docked only eight times in eight years, namely June, 1918; January, 
1919;. December, 1920; December, 1921; May, 1922; March, 1923; December, 1923; and August, 
1924. The bottom appeared bare of paint, and a slight pitting was observed over the whole of the bottom 
plating. This vessel had been trading to shoal water ports, and showed signs of scraping over the bottom. 


A self-propelled oil barge of about 1,300 gross tons, built in 1921, came into dry dock in 19238. 


Approximately 7,000 rivets were renewed on account of general wastage and corrosion, and these were 
found principally on the flat of bottom in tlie after body. 
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An oil tanker of about 6,600 gross tons, built in 1917, came into dry dock in 1923. Approximately 
5,000 rivets were renewed in the seams, butts, longitudinals, and boundary bars, scattered over the 
bottom, all due to general wastage and corrosion. The vessel had been dry docked at periods of seven 
and nine months previously. The bottom was bare of paint and showed slight pitting at the -fore end 
of the bottom. This vessel had been trading frequently to Port Arthur, Tex. 


An oil tanker of about 4,000 gross tons, built in 1912, came into dry dock in 1928 for repairs 
due to heavy weather. About 1,300 leaky and started rivets in the shell were renewed, and 1,100 caulked. 
In addition, about 12,000 more were renewed due to wastage and corrosion of the points. 


It may be mentioned that with one exception these vessels were built in the United States. 


It will be observed from the foregoing list, which gives only a few of such cases, that while some of 
the bottom rivets have been renewed due to slackness (which might have been occasioned by heavy 
weather, overloading, or severe stresses under certain conditions of loading or ballasting), the majority of 
the renewals have been occasioned due to wastage and corrosion of the rivet points. Many of these rivet 
points on being cleaned off, showed the rivets wasted to as much as one-eighth inch below the surface 
of the plating, and the point of the rivet on close examination has shown a honeycomb appearance 
(see Fig. 1). In some cases, the tip of a knife blade could be inserted all around the rivet shank. It 
should be noted that it is the gencral practice to use steel rivets in American built vessels, and the 
pie used in the shel! plating have a slightly smaller swell-neck than is the practice in the United 
Kingdom. 


EXPLANATIONS ADVANCED. 


In seeking an explanation as to the cause or causes that would account for the foregoing rather 
serious condition—and it is giving some concern to American Oil Companies—the difficulty of providing a 
satisfactory explanation becomes apparent. Various suggestions have been advanced, such as the rubbing 
of the vessel’s shell on the bottom of a canal or shallow river at certain of the shoal water ports 
mentioned, causing mud to lodge at seams, butts, and rivet points and the chemical action due to 
impurities, such as those coming from chemical works, fertilizing plants, oil plants, etc. It is the 
custom in America to allow sewage to drain into canals as well as into rivers, me it is thought by some 
that this practice increases the corrosive effect on the shell of any steel vessels lying in the vicinity. It 
will be observed how often vessels trading to the Port Arthur Canal are found bare of paint, and it is not 
at all unusual when vessels go into dry dock direct from this service, to find bright spots on the plating and 
on the points of the rivets, as though caused by the action of an acid. On the other hand, where the 
coating on the under-water surface has been found still adhering, comparatively less deterioration has been 
found. ‘he long period that sometimes elapses between dry dockings has also been blamed; the 
insufficient time in dry dock for adequate cleaning and recoating ; not to mention the insufficient 
amount of paint applied, and the inefficient methods of applying same. There is no doubt that this 
very essential operation is not given the time nor attention which it deserves. It frequently 
amounts to a daub of anti-corrosive followed closely by a daub of anti-fouling, and before the paint is 
thoroughly dry, the yessel is out of the dry dock again. The ship’s electrical equipment and wireless outfit 
have sometimes come under investigation. Statements have been made that the rivets have been 
overheated, and that the pneumatic hammer (which is universally employed in America) if not carefully 
used, has a damaging effect on the point of a rivet, particularly a steel rivet. It should be noted that the 
rivets affected are scattered evenly over seams, butts, and longitudinals ; although in way of the bulkheads 
the trouble has been found to be slightly accentuated. The proportion of rivets renewed at such times 
due to slackness, to those renewed on account of wastage and corrosion, is small. No appreciable 
alteration in the size or shape of the rivet holes has, so far, been discernible, nor has there been any 
visible signs of shear or deformation in any of the backed-out rivets which have been examined. 


An INTERESTING CASE. 


No doubt the reasons advanced, as above mentioned, all tend to accelerate, if they do not actually 
cause, the riveting trouble experienced. Unfortunately, however, they do not always adequately explain 
the conditions found. For example, a vessel came into dry dock in the early part of 1924 for some bottom 
repairs. She had thirty-three bottom shell plates taken oif and renewed. In passing, it should be stated 
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that the vessel was built in the U.K. about eighteen years ago, the original plates being of steel, and the 
rivets of iron. The thirty-three bottom shell plates were manufactured by an American Company and 
were of ship quality, coming up to the usual standards for physical tests. On completion, the repairs 
were throughly examined, and the steel rivets were found reasonably full and well driven. The bottom 
was coated with two coats of anti-corrosive and one coat of anti-fouling paint. After being in service 
continuously for about nine months, sailing between New York and the West Indies, she was again 
dry docked, when it was found that the steel rivets which were driven in the new plating about ten months 
sigh ee f were very badly corroded on the points. Photographs of the condition are given in 

igs. 2 to 8; Fig. 8 shows:a typically bad rivet point. The points were wasted away, in some cases well 
below the surface of the shell plating, and were of a honeycomb appearance (see Fig. 9.) 


Practically all the steel rivets driven ten months previously were affected, with the exception of those 
in the upper seam connecting the original British plates to the new American plates; although it should 
be noted that this seam was still partially ae whereas the bottom of the vessel in way of the new 
plates was practically bare of paint. 


The question at once arose as to the reason for this distressing condition. She had been nine months 
in the water without dry docking, but the wastage and corrosion affected only the new riveting. The 
remainder of the bottom riveting (eighteen years old) appeared unaffected. It was ascertained too, that 
she had been well coated and given ample time to dry thoroughly before being placed in the water. 
Naturally, therefore, some other explanation had to be sought, and in an endeavour to establish whether 
there was any pronounced electrolytic action going on between the new American plates and the new steel 
rivets, it was proposed that a few simple experiments should be carried out in co-operation with the Owners’ 
representatives. 


Tests TO ASCERTAIN ELECTROLYTIC ACTION. 


Sample drillings of plates and samples of various rivets were therefore obtained as follows :— 


(1) Drillings from the new (U.S.A.) plates used in repairing the ship. 
(2) Drillings from the original (British) plates used in the ship. 


. ae Drillings from a plate of good shipbuilding quality manufactured by American Steel 
akers. 


(4) Sample of new (U.S.A.) steel rivets used in the ship. 
(5) Sample of original (British) iron rivet used in the ship. 
(6) Sample of steel rivet (made in U.S.A.). 

(7) Sample of Burden iron rivet (made in U.S.A.). 

(8) Sample of bronze propeller. 


Samples of Nos. 1 to 4 and 6 were first sent for chemical analysis with the following results :— 


No. 1. No. 2. No. 3. No. 4. No. 6. 
CIS vn vest acter een ctts 21 “17 “14 18 09 
Manganese ............... "85 "B84 831 “44 “47 
POR POEN. «rss «a cin « 020 053 “014 010 “O14 
Sulphur ............ Antse “020 084 033 050 025 
PMLIOOMs otsees otahse heer ects 08 ‘Ol4 032 016 018 
appar is. cree eS A 05 Nil. "097 Nil. Nil. 


__ The samples were then taken to an electrical testing laboratory in New York City to determine the 
difference in electrical potential generated by the various metallic couples, when immersed in proximity, 
in salt water. The see oy after being immersed, were connected together by wires through a very 
delicate potentiometer. In each of the tests the two samples making up the couples were separated by a 
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strip of wood *175 inch thick. The salt water contained 3 per cent. by weight of sodium chloride, this 
being approximately the saline strength of salt water. A fresh portion of the same salt water was used 
in each test, and to this extent the conditions were parallel in each of the tests. 


The following results were obtained, the readings being taken at the end of ten minutes :— 


“ Direction of Current| Voltage at end 
Sample Used. at oi of 10 aaa of 10 minutes. Remarks. 
Test A ...| Nos. 2 and 5 (original plate | From old plate to 008 Plate (2) electro-posilive to 
and original rivet). old rivet, rivet (5). 
Test B ...| Nos. 1 and 4 (new plate} From new rivet to 0496 Rivet (4) clectro-positive to 
and new steel rivet). new plate. plate (1). 
Test C ...| Nos. land 2 (new plate and | From new p'ate to 0115 New plate (1) electro-positive 
original ree original plate. to original plate (2). 
Trst D ...| Nos, 3 and 4 (plate and new | From plate to new 0082 Plate (8) electro-positive to 
steel rivet). rivet. rivet (4). 
Test E ...| Nos. 3 and 8 (plate and| From plate to | 148 Plate (8) electro-positive to 
bronze). bronze. bronze (8). 
Test F ...| Nos. 8 and 6 (plate and steel | From rivet to 005 Rivet (6) electro-positive to 
rivet). plate. plate (3). 
Test G ...! Nos. 1 and 7 (new plate and | From new plate to 01 Plate (1) electro-positive to 
iron rivet). iron rivet. rivet (7). 


As a result of these experiments, practically all the steel rivets which had been driven ten months 
previously (approximately 8,500) were removed, and replaced by iron swell-neck rivets. An average 
analysis of these iron rivets as received from the manufacturers was given as :— 


Carbon ... 09 
Manganese 017 
Phosphorus 085 
Sulphur A es nas 013 
Silicon ... BAS =f ad ae 09 
Copper ... Wa +5 ir oe 03 
Slag and Oxide Fr: ay fa “50 


The bottom was again re-coated, and the vessel placed on her regular run. After another period of 
six months continuous sailing, she was dry docked for examination, when it was found that the riveting 
at this time remained in perfectly good condition, with no evidence whatever of a similar condition 
developing on the points of the iron rivets as had been the case with the steel rivets. 


ANALYSIS oF TESTS. 


In analysing the results of the above tests, it must be borne in mind that extremely small differences 
in electric potential were being dealt with, and consequently infiuences might be at work tending to 
modify the readings somewhat. For example, the various samples were not all of the same size or shape, 
some being in the form of rivets, some as sections of a plate, and others as chips from a plate. The 
propeller bronze was in the form of strips. The writer is uncertain as to what extent, if any, these 
variables, as to size, shape and surface conditions might have influenced the results of the tests; but it is 
hoped to continue these tests at some future date, when the samples will be carefully prepared so as to 
eliminate these variables as far as possible, and so determine whether they have any effect on the value of 
the results for the purpose of comparison. 
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It should be stated here, too, that in several of the tests a reversal of the direction of the current took 
place near the commencement of the test, but, at the end of the ten minute period, in each case the voltage 
appeared steady and of the amount given in the aforementioned table. It should also be noted that the 
distance between the samples in each test was ‘175 inch. On this distance being increased, the voltage 
became less, 

Notwithstanding that the results of the tests left some questions open for further investigation, the 
fact that they showed such positive evidence of measurable differences of electric potential for the several 
samples would seem to be of interest and importance. It is now generally accepted that both chemical 
and electrical influences are involved in the process of corrosion, and it is a well-established fact that when 
two metals of different electric potential are in contact with an electrolyte, such as sea-water, the electro- 
positive metal suffers wastage from the effect of the current generated, and there sceis to be no adequate 
reason, therefore, why the association of plates and rivets of different composition should not, in certain 
circumstances, have a corrosive effect on the rivet, especially where the bottom is bare of paint. 


INFLUENCE OF COPPER-CONTENT ON STEEL. 


Much has been written as to the influence of copper on the anti-corrosive tendency of steel. There 
seems to be, as the result of experience, some ground for the belief that a copper-content in steel for 
structural or railroad purposes (where the steel is exposed only to atmospheric conditions) ensures a 
retardation of the tendency to corrosion; but whether this is true in the case of steel exposed to sea-water 
is controversial. 


American railroad companies have been specifying for some years back, and during the war period, a 
certain copper-content in the steel for their rails, cars, pipelines, tanks, &c., presumably to prevent 
corrosion. ‘This stecl is now coming back to the steel manufacturers in the form of scrap, and, due to 
this, it seems impossible now-a-days to obtain mild steel plates for shipbuilding purposes from the steel 
manufacturers without some copper-content. 


An article, which was extensively commented upon in America,appeared on this subject in the August, 
1924, issue of the “Marine Review,” and being wriiten by such a distinguished authority as Dr. G. B. 
Waterhouse, Professor of Mining, Metallurgy, and Geology, at the Massachusetts Institute of Technology, 
it is valuable to reproduce here the portion bearing on our subject. In this article, Professor Waterhouse 
gave the results of a series of sample tests made on plates taken from the steel quadruple screw steamer 
“LevraTuan.” The article reads :— . 


“The “LeviaTHaN” was completed in 1914 at the yard of Messrs. Blohm & Voss, Hamburg, under 
the name of the“ VATERLAND.” At the beginning of the world war she was at her pier in Hoboken, N.J., 
and remained there until some time after, being taken over by the United States Navy in April, 1917. 
Her first trip as a transport begun December 15th, 1917, and she was dry docked at Liverpool early in 
1918. Her last trip as a transport ended September 9th, 1919, when she was again laid up at Hoboken. 
After considerable delay in regard to policy, the contract for her reconditioning was awarded to the 
Newport News Shipbuilding & Dry Dock Co., on February 15th, 1922. In April, 1922, she arrived at 
Newport News under her own power, and left May 16th, 1923, bound for Boston, where she was dry 
docked May 18th, in the only dry dock in the United States large enough to accommodate her. On July 
4th, 1923, she left on her maiden trip under the United States flag as a merchant ship. 


It will be noticed that over five years elapsed between dry docking at Liverpool and at South Boston, 
during which time no attention or care could be given to the hull plates. Nevertheless, it was found that 
the bottom was in remarkably clean condition, the hull being free from marine growths, pitting, and 
corrosion. While the ship was at Liverpool five years before, a skeg of English steel was riveted to the 
stern for carrying a part of the rigging for the paravane or otter gear, a mine sweeping device invented, 
supplied, and installed, by the British Government. In contradistinction to the plates of the hull, this 
skeg was found to have been badly attacked by the continuous submersion in sea water, without attention 
for over five years. These facts regarding the steel plate were brought to the author’s attention by 
Mr. A. H. Jansson, and by Professor James R. Jack, head of the Department of Naval Architecture at 
the Massachusetts Institute of Technology. It was felt that an investigation of the steel plates, 
particularly of the German steel, would be of interest, and through the courtesy of the Commandant and 
Officers of the United States Navy Yard, Boston, Mass., samples were secured for examination, 
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Two samples of the German steel were obtained. They were oval in shape, about 18 x 20 inches. 
One was about 1,'; inch thick, and the other about 1,%, inch. They may be called samples A and B. 
The physical testing was done by men accustomed to making and handling steel plates. 


The chemical analyses were as follows :— 


Carbon ... 
Manganese 
Phosphorus 
Sulphur ... 
Silicon 
Copper ... 
Nickel 
Chromium 


The samples did not show any aluminium, titanium, molybdenum, or zirconium. 


SAMPLE A. SAMPLE B. 
“16 15 
*65 57 
“042 “034 
‘069 057 
“006 trace 
169 134 
nil nil 
018 nil 


The analyses 


indicate ordinary steel, rather high in sulphur, except for a high percentage of copper, either introduced 


purposely or present in the steel-making charge. 


The results of the physical tests were as follows :— 


Yield point, pounds per sq. inch. 
Ultimate stress, pounds per sq. inch. 
Elongation, per cent. in 8 inches 
Reduction, per cent... 

Bend... 


SAMPLE A. SAMPLE B. 
Long. Trans. Long. 
87,950 387,100 31,300 
63,200 63,300 51,630 
27 25 28 
49°2 §1°9 25 
180° flat — 180° flat 


In addition, tests were made on the B steel, both in the longitudinal and transverse directions after 
turning down to 0°505 inch diameter, and 2 inches long. These results were as follows and show clearly 
that the B sample is higher in carbon towards the centre :— 


TENSILE TESTS. 


Ultimate stress, pounds per sq. in.... 
Elongation, per cent. in 2 inches ... 
Reduction, per cent. 
Bend i ; 


SAMPLE B. 
Long. Trans. 
60,000 58,500 
34 36 
575 50 
180° flat 180° flat 


The tensile test results show good material with higher ultimate stress than would be expected in this 
thick plate from the carbon content. The fractures were gray, granular, with silky edges. 


The English steel was about $ inch thick. The chemical analysis was as follows :— 


Carbon 
Manganese 
Phosphorus 
Sulphur 
are 
opper 
Nickel 
Chromium 
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The physical results on the full size and small test pieces, were as follows :— 


Full size. Small size. 
Yield point, pounds per sq. in... io a as 37,260 36,500 
Ultimate stress, pounds per sq. in. ccs sa “ee 56,740 61,750 
Elongation, per cent. ; ie ee ee ie 22°5 32 
Reduction, per cent. cn a. : Pes 52°5 575 


In all cases the fracture showed gray, granular, with silky edges. The longitudinal specimens were 
bent flat on themselves. The transverse specimens were bent 180 degrees round a pin equal in diameter 
to the thickness of the specimen. With further reductions, cracks developed on the outside. Judging 
from the high phosphorus, the steel would appear to be acid open hearth, and notwithstanding the rather 
high sulphur, the structure shows a comparatively clean, good steel. A careful investigation of the two 
samples of German steel from the hull of the ““LevraTHaN” does not give clear evidence as to why this 
steel resisted corrosion in sea water so well. Possible reasons, however, are the presence of a comparatively 
high percentage of copper, and a marked banded structure, whereby after moderate corrosion, low carbon 
layers would be exposed to the sea water. It is noticeable that this steel is rather open and coarse in 
structure. and has good physical properties. It is not a “clean” steel, in the language of the steelmaker, 
but contains numerous nonmetallic inclusions. The English steel, which suffered badly from corrosion, 
appears to be ordinary acid open hearth with no marked characteristics to distinguish it from ordinary 
plate, except that copper is present in moderate amount.” 

It will be observed from the tests made by Dr. Waterhouse, that in the case of the two samples of 
German steel taken from the “ LevrarHan,” he found *134 per cent. and *169 per cent. of copper present. 
The inference that has been drawn from the article is that the German manufactured steel resisted 
corrosion in seawater, due to the presence of a comparatively high percentage of copper. Whether that 
is the reason for the absence of corrosion in the case of the German plates is questionable, but it is a fact 
at any rate, that steel with some copper-content is at present in great demand for railroad purposes, where 
the material is subject to atmospheric corrosion. On investigation it will be found that the presence of 
copper in almost all kinds of steel plates now manufactured is pretty general. There seems to be a 
slowly increasing demand for steel with *20 per cent. to *30 per cent. of copper, especially for sheets and 
certain railroad requirements such as tie plates and spikes. Many users of structural steel too, are 
specifying a copper-content in their steel, as it seems to be the general experience that such steel resists 
atmospheric corrosion better than steel with no copper-content. This means, of course, as has already 
been said, that more and more scrap containing copper is being used in the open hearth furnaces, In 
the process of manufacture this copper is not eliminated, but remains in the finished steel. It is, 
therefore, practically impossible nowadays, to get steel absolutely free from copper. The effect of the 
presence of copper in steel on the working properties, is stated to be desirable, acting as an alloying 
element very similar to nickel, i.¢., slightly raising the elastic limit, and increasing the ductility. As to 
whether the small copper-content in the shell plates of the ““LeviarHan” tended to render them 
anti-corrosive in the presence of seawater, it is still controversial, and in a recent communication the writer 
had with Dr. Waterhouse on this subject, he stated that some further experimental work had been done 
on the “ LevrarHan’s” shell plates, and while this confirmed the earlier results, the resistance of the 
vessel’s plates to corrosion seems to have been chiefly due to the very marked banded structure, and not 
so much to the presence of copper. 

Authorities differ considerably in their opinions as to the effect of the presence of copper in steel, on 
the corrosive quality. Mr. Van Patten who was formerly Ass stant Librarian at the Massachusetts 
Institute of Technology, and who is now Librarian at Queen’s University, Kingston, Ontario, has compiled 
a volume entitled “Bibliography of Corrosion”, in which he quotes over two thousand references as to 
authors and their contributions on the question of the corrosion of metals and its prevention. It has not 
been possible to refer to more than a few of the treatises mentioned in the Bibliography, but on perusing 
several of these references, it is very noticable how the opinions expressed on this subject differ. Author- 
ities who are connected in business with the steelmaking industry tend to the opinion that a copper- 
content in steel prevents the possibility of corrosion, and in other cases no attempt is made to distinguish 
between atmospheric corrosion and sea-water corrosion. The facts seem to be that steel with a small 
copper-content is preferable where only atmospheric conditions prevail, but that steel containing copper, 
when immersed in sea-water (especially where chlorides are present) show no anti-corrosive tendency— 
rather the reverse. 
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RIVET MATERIAL. 


The average chemical analysis of iron rivets has already heen given, namely :— 


Carbon ... a uy a es 09 
Manganese... it ee ad 017 
Phosphorus... ih. oe A 085 
Sulphur Fe mi Re on 018 
Silicon ... Fe Hc vit 1s “09 
Copper ... ms 3H oh Fs “038 
Slag and Oxide... bs at Red “50 


It will be observed that there is a small percentage of copper in iron rivets. Steel rivets also contain 
some copper, although apparently not to as high a percentage as in steel plates. This is probably due 
to the use of a purer ore, and smaller amount of scrap. The average analysis of medium open-hearth 
steel used in the manufacture of steel rivets as supplied to shipyards in the U.S.A. is as follows :— 


Carbon ... sag ane ar bia 10 
Manganese... 3 ae fn “34 
Phosphorus... a te ie 015 
Sulphur... oe oe Sa oa 036 
Copper ... ~~ ads ay is “15 


As a general proposition, it may be said that in steel rivets there may be as much as ‘05 per cent. 
sulphur, but this is taken care of by a manganese content of about °40 per cent. In iron rivets the 
manganese content is limited to a maximum of *18 per cent., and sulphur to about ‘015 per cent. The 
main difference between steel and iron rivets, apart from the foregoing, is the presence of slag in the iron 
and its absence in the steel rivets. As much as*5 per cent. to ‘9 per cent. slag occurs in iron rivets, 
whereas in steel, slag is practically non-existent. 


In view of the difficulty, during the war, of obtaining materials in sufficient quantity to meet the 
needs of the shipbuilding industry, a greater latitude was allowed steel manufacturers in the permissible 
impurity contents, particularly in the case of phosphorus and sulphur. Whether the difference then 
allowed in the percentages of the various constituents of steel had any effect on the corrosive tendency is 
difficult to say, but the probability is that the change did not help this condition. 


Whether a return to iron for bottom shell plates and/or rivets in the case of vessels trading to shoal 
water ports will be seen is problematical, probably not until the material can be manufactured at a price 
comparing more favourably with that of steel than is at present the case (iron rivets cost from two to 
three times the price of steel rivets in the United States). To that end it will be necessary to devise 
methods for operating the puddling furnace mechanically in order to eliminate the great amount of 
manual labour involved by the present antiquated hand-puddling process. Steel furnaces can use both 
steel scrap and wrought-iron scrap, but for the production of good quality iron only wrought-iron scrap 
can be used along with the pig iron and ore. 


CONCLUSIONS ON RIVETING TROUBLE. 


The presence of copper in the steel to which reference has already been made is suspected by some to be 
a grave contributing cause of the present troubles, although on the other hand it is generally agreed that 
steel with a small copper-content is preferable for railroad and other purposes, where the material is subject 
to atmospheric conditions only. In the case of such plating, when the material has for any reason become 
bare of paint, and is in intimate contact with sea water, there seems to be no proof that a copper-content 
renders steel anti-corrosive. In the writer’s opinion, the trouble cannot be traced to any one particular 
cause, but is a result of an accumulation of causes, some of which have already been mentioned. It 
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would seem from such experience as is recorded, that iron rivets might with advantage be used on the 
bottom of vessels that have difficulty in retaining their coating, instead of steel rivets. It has been 
established that from the electrolytic standpoint, iron rivets are electro-negative to steel plates, and give, 
in practice, less trouble than do steel rivets. Being softer, an iron rivet is easier to hammer-up, fills the 
hole better, and the point is not as sensitive to working conditions, i.e., the structure of the rivet at the 
point does not suffer the same amount of destruction. In former years, before the riveters had been 
demoralized by the war habit of trying to establish fast riveting records (which probably accounts for 
some of the trouble), a good squad would hammer up a rivet at the red heat, but would not touch it at 
the blue, at which heat the rivet is particularly sensitive. They would go back to the previous rivet, 
which had, by this time, cooled below the blue heat, and give it the finishing touches. Riveting by 
pete - the pneumatic hammer is performed in a rapid succession of strokes by a comparatively 
ight tool. 

Unless the work is carefully done, this has the tendency of hardening only the point, without reaching 
the body of the rivet, which trouble would be more pronounced in the case of the steel rivet. It is 
unfortunate that iron rivets are, in the United States, about double the cost of sieel rivets, but if there 
was a greater demand for them, doubtless prices would be reduced due to the increased production, On 
the other hand, where steel rivets are used, it would appear that the chemical composition of the rivets 
should conform as nearly as possible to that of the plates, in which case the difference of electric potential, 
in contact with sea water, would be negligible; but in any event the plates should be electro-positive to 
the rivets. It is the general practice in Great Britain and most European countries to use iron rivets, 
and no such serious condition has, so far as the writer is aware, developed in vessels built and operated in 
these countries. It might be noted here, that in the case of rivet renewals, great care should be exercised 
in burning out the old rivets, and in the reaming and countersinking of the holes. When the holes are 
carelessly burnt, the structure of the adjacent material is destroyed, and corrosion is very likely to follow. 
In cases of rivet renewals, the holes should be carefully reamed, recountersunk, and a larger size swell- 
neck rivet fitted. Too much rough caulking is done around rivet points, often forming a niche, 
which destroys the uniformity of the steel around the rivet hole, rendering it an easy victim to 
corrosion. Where rivets are properly driven there is not the necessity for as much caulking as is 
done now-a-days. 

Greater care might be exercised in the cleaning, scaling, and recoating, especially of the underwater 
body. As far as the writer’s observation has gone, these operations are sometimes carried out with less 
care than they deserve, and owners ought to insist and see that they get value for the expense entailed 
each time their vessel goes in dry dock. If this were done, there is no doubt that a great deal of the 
trouble now experienced would be avoided, as a well coated bottom forms an effective insulation between 
the two metals of the couple and the electrolyte, thus effectually preventing any possible electro-chemical 
action. 

Further, it has been ascertained that some owners have, in the past, been rather lackadaisical about 
the periods between dry dockings, and in some cases have allowed their vessels to remain in the water 
without recoating much longer than was advisable. In the case of American vessels, such as those 
which trade to shoal water ports, it would seem reasonable to dry dock these for cleaning and recoating at 
about six month intervals. 

The question as to the periods between dry dockings has been taken up with several of the American 
oil companies, and it may be of some interest to give here extracts from the opinions expressed :— 


OWNERS’ OPINIONS. 


A. 


“The large number of rivets cut out and renewed in several of our vessels we believe was due to tae 
fact that the vessels had been out of dry dock too long. This is one of the chief causes for the large 
number of rivets being renewed in the bottom of oil tankers. Another very important reason for 
wastage and corrosion is that a number of the American tank steamers trading to Gulf ports are on the 
bottom at some time or other, and all the paint is scraped from their shell, allowing the salt water to act 
on the rivets when they are bare of paint. We believe that some of the rivets are overheated when being 
driven, which would cause early corrosion to set in.” 


1k 
B. 


“While I think that some of the trouble in corroded bottom rivets is due to incompletely filled holes 
and improperly heated rivets, I am strongly of the impression that the rivet material is responsible for the 
trouble we have had. The theory of copper-content in the material is a new one to me and is, no doubt, 
worthy of further investigation. The more frequent painting of our vessels, which we have been 
systematically carrying out, undoubtedly results in some improvement; but the corrosion of the rivets 
still continues, in spite of the effort to keep their points covered with paint, and they continue to suffer 
even when the plates do not.” 


C. 


“On tankers owned by this Company built prior to 1914, we have not experienced any unusual 
trouble with rivets due to corrosion. With vessels built during 1919 and 1920, we have been obliged to 
renew quite a number of bottom and shell rivets. This wasting we attribute to (a) vessels being too long 
without docking ; () trading to ports in the U.S.A., Gulf of Mexico, and Cuba, where vessel’s keel scrubs 
on sandy and muddy bottoms, thereby removing the paint; (¢) impurities in water from refineries, mills, 
sugar centrals, etc. The following remedies are suggested; («) iron rivets in lieu of steel; (“) dry 
docking for examination and painting at more frequent intervals; (c) the use of filling cement to protect 
rivet points showing wastage or corrosion ; (d) the use of only high grade bottom paints, applied properly 
on clean surfaces in dry weather. 


D. 


“Three sister-vessels of about 6,000 tons gross, were built in 1917 for this Company, and principally 
due to wastage of rivets at the points, it has been found necessary to re-rivet almost the entire bottom 
shells. Another of our vessels, a 12,000 ton tanker, built at about the same time, has also been re-riveted 
throughout the bottom. In the case of this vessel, the leaks occurred in way of the bracket connections 
to the buikheads and transverse frames, but, owing to the fact that the rivets were considerably wasted on 
the points, much of the vessel was re-riveted throughout. Very interesting are the cases of four vessels 
built on the West Coast. ‘The first time these vessels were placed in dry dock after being placed in | 
operation, there was very marked evidence of corrosion on all of the bottom rivets. The bottoms of these 
vessels were very thoroughly wire brushed, and were painted with two coats of white zinc before being 
given the usual bottom compositions. We have apparently been successful in arresting the corrosive 
action on these rivets by special care being taken in the coating of the bottom. We are very much 
interested in the subject of the relative value of iron and steel rivets, and are in favour of further 
investigation as to the effect of using iron rivets. We have for the past two years been docking all 
of our vessels on a six months’ schedule, in an endeavour to keep the bottoms better coated, as a 
prevention against corrosion. Previous to that time, they were operated on an approximate eight 
months’ docking schedule.” 


“We have not made any laboratory tests to determine the causes of this corrosion, but we are of the 
opinion that the original cause is due to the poor quality of rivet steel. 'To the best of our knowledge, it 
is not customary to call for chemical tests of rivet steel, it seeming to be sufficient that the steel should 
fill the requirements for Lloyd’s physical tests. We think that perhaps the copper-content, which exists in 
practically all ships’ plates at the present time, sets up a weak galvanic action, but we are more inclined to 
believe that the impurities present in the rivet steel itself are to blame. We believe that the proper 
painting of the vessel has considerable bearing on the matter, although lack of paint itself is not the 
cause of the corrosion; but certainly a good body of paint over steel plates and rivets undoubtedly 
retards corrosion. In our vessels trading to Beaumont, Tex., we have difficulty in keeping the paint on 
the bottom flat, due to rubbing over the river bed when the vessel is loaded. We think there is a | 
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tendency common to most Oil Companies to skimp the time in dry dock for painting, but we believe 
that any additional time necessary to make a first-class painting job is money ail atenk ; as paint applied 
on wet surfaces, or where surfaces are not properly cleaned, is practically paint wasted. We make a 
practice when renewing corroded and slack rivets, of renewing approximately twenty-five per cent. of the 
adjacent rivets, even though same appear to be sound. As a remedy, we would suggest that rivet steel 
be required to conform to specified chemical tests in addition to the present physical tests. Next, too 
much emphasis can not be placed on the thorough cleaning of the vessel’s bottom prior to applying paint, 
particularly as to the cleaning of the caulking edges and rivet points, which it is quite common to see 
slighted. We have considered in future construction, specifying the use of iron shell rivets in work below 
the deep load line.” 


F. 


“We have followed the practice of dry docking and painting our vessels at eight months’ intervals, 
and while I have no record before me of the rivet renewals, I know that these have not been excessive 
during the past eighteen months with one or two exceptions, and in the case of these exceptions, the 
number of rivets has not exceeded 2,600 on one ship. The improvement in the condition of the bottoms 
of our ships is largely due to the fact that the Port Arthur Ship Canal has been deepened, and I am 
confident that after the Port Arthur Turning Basin is deepened, there will be a further improvement.” 


PITTING. 


It has long been recognised that the contact of metals of different composition or of different electric 
potential (including mill scale) in the presence of water, accelerates corrosion locally on the steel, causing 
pitting. A film of rust is electro-negative to the underlying metal, and thus stimulates further corrosion. 
If a metal were absolutely uniform, both chemically and physically, there would be no electro-chemical 
corrosion. If, however, the metal is not uniform, either chemically or physically, continuous corrosion 
will result immediately. 


Pitting on the outer shell is usually found between the light and load waterlines. An example of 
this is shown in Fig. 10. As regards internal pitting and corrosion, this is found most often in oil tankers 
carrying gasoline, and particularly in those tanks which are used frequently as ballast tanks. In the case 
of an oil tanker which came to the writer’s notice recently, on examination of some of the tanks internally, 
it was found that the bulkheads, bottom and bilge shell, rivet heads, transverses, etc., were coated with 
loose scale, particularly below the half height of the tank. Some pitting was also found on the bottom 
shell, and this seemed to be rather worse on the outside strakes. It was stated that the vessel had been 
orang refined oils almost exclusively since she was built, and that some of the tanks were frequently 
used for water ballast. The latter tanks were in a much worse state than the others. The scale was in 
the form of flakes, some loose and some adhering to the plating. The heads of the rivets, particularly at 
the bilges, were buried in an oily coating of rust. Vessels carrying the lighter refined oils have been found 
to be disposed to this corrosive action on the plating and rivets, particularly as in this case, where the 
tanks have been used alternately for water ballast and oil. In fact, it seems to be the rule rather than the 
exception, and no means has been found so far which will prevent this. Tanks used for the carriage of 
heavy oils do not seem to be affected to the same extent. It is thought this may be due to the fact that 
the latter, being more viscous, forms an adhering and protective layer on the plating, whereas the volatile 
refined oils leave the plating exposed. Analyses of scrapings taken from the inside of oil tanks has shown 
the presence of acid in smal] quantities. 


Regarding the pitting on the inside of the bottom shell, this may be caused by the presence of water 
due to the tanks not being properly cleaned out after carrying ballast, or it might be due to the presence 
of water in the oil, which separating out, would naturally collect in the bottom of the tank. 


Another case which has occurred recently is that of two oil tankers constructed on the Clyde 
in 1920. They have been employed constantly for two years carrying panuco crude oil out of 
Tampico, Mex., returning in ballast. This oil is about 985 specific gravity, and contains from 4°5 to 
5 per cent. sulphur. It has to be heated to 100° or 110° F., to enable it to flow freely to the cargo pumps. 
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After about eighteen months’ service, it was reported that some pitting had been observed in one 
vessel on the bottom shell, inside the cargo tanks. The vessel was taken off her run, and the 
tanks thoroughly cleaned and examined. It was found that the bottom plates were affected, the pits for 
the most part being half-inch diameter, and one-sixteenth of an inch to one-eighth of an inch in depth. 
They were mostly situated in the outer strakes, where water could not escape when draining. The rivet 
heads and the edges of angles or plates were not affected, nor was any corrosion found other than at the 
bottom. The heating coils were all removed to facilitate the cleaning and examination. One of the 
cargo tanks which had been used for bunker fuel only, and had not carried any water ballast, was 
comparatively free from any action. The bottom plates were wiped as dry as possible, and different 
tanks were coated with various substances, such as lime and cement washes, cement and Stockholm tar, 
and a patent composition paint compounded specially to meet the conditions. A number of zinc plates 
were also attached by studs to the bottom frames, so arranged that the lower edges of the zincs were 
about half-inch from the shell plating, the intention being that if any corrosive action was present the 
bottom shell might remain unaffected at the expense of the zinc plates. Ona further examination, about 
six months later, none of the coatings above-mentioned remained intact, presumably owing to the 
difficulty of completely cleaning the plates of all traces of oil (with a view to securing adhesion), and the 
zine plates were found to be quite unaffected. As far as could be observed, the pitting had not extended 
nor increased, but it should be mentioned that the vessel had uot been constantly carrying the same grade 
of oil. The oil tanks in the sister vessel were cleaned and carefully inspected, and it was found that very 
little action had taken place, and even that was only found in two tanks. It might be mentioned that 
when the first vessel was inspected in connection with the reported pitting some leakage was found in the 
ship’s aerial, but this leakage was stopped after the electric lighting system had been thoroughly 
overhauled. 


Fortunately, the pitting of the shell plates has not proved as serious a matter to shipowners as has 
the wastage and corrosion of the rivet points, probably because the trouble is recognisable in the early 
stages, and steps can be taken with a view to its prevention ; whereas, in the case of corroded rivet 
points, the trouble is often too far gone before similar measures can be adopted. 


CoNncLUSION. 


Enough has been said to show that whether the serious wastage and corrosion found on the rivet 
points on the bottom of many American vessels is due to electro-chemical action, to scrubbing over the 
muddy bottom at shoal water gulf ports, to overheated or overcaulked rivets, to the action of polluted 
rivers, to the composition of the rivet steel, to unduly long periods between dry docking, to insufficient 
or inefficient cleaning and painting, or, as is probably nearer the truth, to a combination of causes 
including all of these and possibly many more, that the very greatest care and forethought 1s necessary 
in both the selection of suitable materials and in the work of building them into the hull of the ship. 
In the case of vessels whose trade takes them occasionally to shoal water ports, rendering it difficult to 
retain the coating on the bottom for any length of time, such measures as already suggested might 

advantageously be taken, including the dry docking of such vessels for cleaning and recoating, at about 

six months intervals. Closer attention should be given to the cleaning and more frequent scaling of the 
atop Shell, and the obtaining and preserving of a good coating on all underwater surfaces should be 
emphasised. 


That the question of the use of iron rivets in preference to steel rivets in the underwater body of 
certain United States tankers is considered of some importance, is seen from the fact that several 
American owners are considering the question, in anticipation of any new construction which may be 
decided upon in the near future. 


Much experimental work requires to be done before a clear understanding will be possible as to the 
corrosive tendencies of different combinations of steel plates and rivets. This is all the more necessary 
due to the introduction of high tensile steels, such as that known as “high elastic limit mild steel,” and 
another steel in the United States, sometimes called ‘silicon steel” which has somewhat higher physical 
properties, 
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As to whether such special high-tensile steels will show any marked corrosive or anti-corrosive 
tendencies, is a matter for further investigation, and the subject is one that is worthy of very careful 
consideration. 

The Corrosive Sub-Committee of the American Society for Testing Materials (of which Mr. James French 
is a member) has recently been considering this matter, and some experiments are now being commenced 
which it is hoped will help to shed light on the subject. It is proposed to rivet specimens of different 
quality ordinary mild steel plates, and also specimens of the so-called “silicon steel”’ plates, with different 
qualities of steel and iron rivets. The mild steel specimens, will have different copper-content, and the 
steel and iron rivets will also be of varying composition. One set of these specimens will be immersed 
in the sea at Key West, Fla., one set will be immersed at Portsmouth, N.H., and the other set will be 
filed with the Bureau of Standards, Washington, D.C. The test specimens are presumably being prepared 
under the supervision of Mr. French, the writer, and another representative of the Corrosion Sub- 
Committee of the A.S.T.M., and it is hoped that some interesting information may be forthcoming later 
on as a result of these tests. 
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DISCUSSION ON MR. W. BENNETT'S PAPER 


ON 


“SOME NOTES ON THE WASTAGE AND 
CORROSION OF SHELL RIVETS AND PLATES.” 


Tue PRrEestpDENT—INTRODUCTORY. 


The subject to be considered this evening deals with wastage and corrosion of shell rivets and 
plates. 

The paper is contributed by Mr. Bennett, of the Society’s New York office, and as the author is 
not able to be present it will be taken as read. 

Before inviting discussion on the paper I will take this opportunity to say that Mr. French, the 
Society’s Chief Surveyor for America, has obtained permission from the Committee to circulate a number 
of copies of the paper outside the Society. 

The paper, as you will observe, is founded on a number of cases of vessels which have undergone 
extensive overhaul and renewals of plates and rivets due to wastage. 

It is not stated whether these vessels are classed, but some at least are, and all, with one exception, 
were built in America of material of American manufacture and riveted with steel rivets. The author 
sets forth various possible reasons for the deterioration which ensued. 

Now it seems to me that the paper is of a contentious nature, and might easily give rise to con- 
siderable discussion or comment. 

Hitherto, where a paper read before this Association has been circulated outside the Society, it has 
not been customary for the discussion to be included with it, and I think it is generally felt that in 
this case the same procedure should be observed. 


. Mr. 8. T. BryDen. 


An analysis of the 13 cases described by Mr. Bennett at the commencement of his paper shows that, 
with one exception the vessels were built either during the war or in the two years following its con- 
clusion, and that with one exception they were all constructed in the U.S.A. Further, the author states 
that it is the practice in the American shipyards to use steel rivets, and that during and since the war 
distinct traces of copper have been introduced into American steel in the scrap. 

The more heterogeneous a body is in either chemical or physical composition the more likely it is to 
be electro-positive. Further, the work done on rivets in hammering is likely to render them distinctly 
electro-positive to the plates through which they pass if both are of the same chemical composition. 

Twelve of the vessels described were tankers; in ten cases the bottoms were described as being 
bare of paint ; and in seven cases it is stated that the vessels had been trading to shoal-water ports. 

In refining oil before shipment quantities of sulphuric acid are used, and although this is largely 
neutralised and removed from the oil, considerable quantities of acid and of sulphates must make their 
way into the water and mud of the loading berths, thus supplying a very effective electrolyte for local 
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action between copper and iron in the vessel’s steel work and between the rivets and the plates which 
they connect. The process would doubtless be hastened by the absence of paint arising from the vessels 
scrubbing in shallow water. 

The electrolytic tests on page 5 are most interesting in showing the superiority of iron over steel 
rivets, so far as corrosion due to electrolytic action is concerned, iron rivets being electro-negative to steel 
plates, whereas steel rivets are electro-positive, and the voltage produced is 500 per cent. higher in the 
latter case. 

Unfortunately similar electrolytic tests do not appear to have been made in the case of the German 
and British steels from the “ Leviathan.” 

I quite agree with the author that internal pitting and corrosion in tankers are much more serious 
in the case of vessels carrying the lighter oils, but personally have found the formation of scale as 
distinct from pitting more serious in the upper parts of the tanks, particularly in the case of centre- 
line bulkheads and brackets in the expansion trunk. In this respect benzine appears to be particularly 
destructive. Pitting in the bottom would be largely due to acid or saline ground-waters not wholly 
removed from the oil in the refining process. 

Evidence of the importance of cement in the ordinary double-bottom tanks is now being furnished 
by vessels built without cement during the war period. Recently a Norwegian vessel only four years 
old (but not classed with this Society) had to have several bottom plates removed, owing to very serious 
pitting on their inner surface. 

In conclusion, I thank the author for his interesting paper. 


Mr. J. S. GARDINER. 


I should like to express my appreciation of Mr. Bennett’s excellent paper, in which the author has 
given us some interesting data, 

In the paper on page 4, case 1, it would appear that the carbon given *21 is very high for the steel 
shell plate manufactured in the United States. 

It would appear to me from the photographs given in the paper, and from my own experience of the 
subject, that the rivet points which appear the worst are those in wltich the holes in the shell plates 
have very little countersink. 

Excessive rimering of the holes, with a corresponding reduction in the countersinking, coupled with 
the probability of the original rivets being scant in diameter, might account for some of the trouble in 
the cases under discussion. 

Although the greatest importance must be attached to the brushing or scraping of the bottom and 
painting, I have known a number of vessels to be launched without the bottom being coated, and it was not 
until the vessels were dry-docked prior to their trials (probably three to four months after launching) 
that the bottoms were then wire brushed and coated. 

There were no signs in any of these vessels of pitted plates or rivets. 

In several oil-tankers and cargo vessels coming under survey in the Far East, quite a number of 
pitted rivets have been renewed from time to time, but these rivets were all in the wind and water strakes 
where one might expect to find them, none in the bottom. 

It would seem to me that iron rivets are preferable to steel rivets. 


Mr. W. Warr. 


In this paper the author calls attention to a state of affairs which is really alarming and merits most 
careful enquiry, for it would appear that in no fewer than 13 oil carrying vessels an average of 30,000 
loose and defective rivets were found, and the author further states that this is only part of the story. 
Of the total number about 80 per cent. is credited to corrosion and the remainder to loose or otherwise 
defective rivets. Although no very definite cause is suggested attention is called to several possible 
causes, but I am afraid the true explanation must be found outside the limits of the paper. 

The causes suggested may be summed up in three broad divisions, viz. :—electrolytic action, steel in 
lieu of iron as a material for the manufacture of rivets and scrubbing caused by the propulsion of the 
vessel over a muddy or sandy bottom. 

I propose to say a few words on each of these points or suggestions. 
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Electrolytic Action.—The author suggests that wastage of the rivet points may be caused by 
electrolytic action between a steel plate and an iron rivet, and gives the results of some experiments which 
have been made on various materials. It is noted that the maximum voltage at the end of 10 minutes 
between samples of steel and/or iron was 0496. In a series of experiments carried out by Braithwaite 
about 20 years ago a maximum voltage of °083 was found between two samples cut from the same steel 
plate. These samples were separated at the ends only by strips of ebonite or rubber 125 inches in 
thickness and immersed in sea water at a temperature of 60° F. It was noted that the voltage varied 
with the temperature of the water, and wide variations in temperature produced a reversion in the 
direction of flow. As the potential difference at ordinary temperatures was nearly twice that found by 
the author in his experiments it would appear that some cause other than electrolytic must be found for 
the wastage found in these vessels. 


Iron v. Steel Rivets.—This re-awakens an old controversy, and to my mind the question turns on 
suitable treatment. It will be generally agreed, I think, that given treatment suitable to the material 
steel rivets are superior to iron rivets. But with ordinary shipyard treatment there is a greater certainty 
of good workmanship being obtained with iron rivets than with steel rivets. In a steel rivet the carbon 
is kept low (too low, I think, in the analysis given in the paper) in order to obtain ductility, but a low 
carbon rivet is more readily burnt than a high carbon one, Again, owing to the presence of slag an iron 
rivet resists burning more readily than a steel rivet, and at ordinary working temperatures and under 
ordinary riveting conditions is not so liable to split in the process. For these reasons it is generally 
assumed, at least in this country, that in the long run the iron rivet is to be preferred to the steel rivet. 
Perhaps in time our men will be educated up to the standard demanded by the use of steel. 

Scrubbing.—It is stated that the vessels described in the paper have frequently been pushed through 
mud and that one vessel was observed to lift from 2 feet to 3 feet forward. Such treatment must set up 
a mighty scrubbing action, to say nothing of strain on the structure, and when one remembers that 
American oil vessels are frequently loaded from 2 feet to 8 feet deeper than would be permitted in this 
country, or for that matter in any country in which freeboard regulations exist, it is not surprising that 
trouble develops in the fastenings. 

Once the protective coating is scrubbed off and the steel or iron is exposed, corrosion is bound to 
arise, and if in addition to this the rivet is started through straining, the vibration of the rivet, perhaps 
in a badly formed hole will continue to shake off the rust formed on its surface leaving a fresh surface for 
the action of the water and the impurities it contains. The illustrations given at the end of the paper 
confirm this. As a matter of fact the illustrations are no different from those which could be obtained 
from practically every case of defective riveting which might be found in any vessel, unless it be that 
certain facts revealed in the original photographs are obscured in the reproductions. 

Some years ago a case came under my observation in which scrubbing had taken place to a 
remarkable degree. The vessel was employed in the Solway Firth and had to plough its way for miles 
over a sandy surface. No protective coating could withstand such treatment and it is not surprising that 
at the end of eight years the whole of the bottom plating to the lower turn of the bilge required renewal. 
The following facts emerged in this case. The plating was scrubbed away, the edges and butts suffering 
to a greater degree than the body of the plate. Where the wastage was not sufficient to destroy the 
countersunk point, the rivet and plate were affected equally, but when the rivets became slack corrosion 
took place much more rapidly in the rivet than in the plate, and the rivets presented the appearance 
illustrated in Fig. 1 in the paper. 

Another case came under my observation many years ago which may have a parallel in the cases 
described in the paper. An extension was made to a shipyard, the ground having been made up to a 
depth of from 8 feet to 10 feet. A “ Soft’’ section was found to exist under the first vessel built on the 
extension. This was located on the starboard side about 60 feet to 80 fect from the stem. Considerable 
difficulty was experienced in retaining the form of the vessel at this part, and constant shoring was found 
necessary. Even when the shell and deck plating and the heavy side stringers were in place, the shoring 
required constant attention until the riveting was completed. There is no doubt that internal stresses 
were set up in the structure at this part for it gave constant trouble afterwards. The rivets became loose, 
vibration got rid very quickly of the protective coating and rapid corrosion ensued. The trouble only 
disappeared after a collision when most of the structure at this part required to be renewed. 

Surely there is a parallel here to the cases described in the paper. The vessels were mostly built in 
America, during the war, and probably on soft ground, men with no previous experience were drafted into 
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the shipyards, and under such circumstances workmanship must suffer. To these circumstances, coupled 
with the driving through mud and sand in an overloaded condition we may reasonably ascribe the trouble 
experienced. 


The author has earned the warmest thanks of the Association for bringing this interesting subject 
before the members. 


Mr. R. J. L. Warp. 


Mr. Bennett has introduced to the notice of the Association a very interesting phase of a much 
discussed and explored subject. The elimination of corrosion in ships or, at least, the reduction of its 
ravages has been the object of continuous research by the metallurgists of tne various maritime countries 
over a long period of time but a cure has yet to be found. No approach has yet been made toa 
“rustless ” steel of reasonable production cost for employment in the construction of ships and it may be 
observed that mild steel as employed to-day in such construction does not differ sensibly in its composition 
and characteristics from that used at the introduction of steel as opposed to iron in ship-building some 60 
years ago. In default of a non-corrosive metal of suitable physical qualities and capable of being 
produced at reasonable cost measures to prevent or arrest corrosion are resorted to. 

With regard to the numerous cases of corrosion damage to American vessels quoted by Mr. Bennett 
in the opening pages of his paper, it will be remarked that in nearly every case the vessels were engaged 
in trading in shoal waters or canals and that on subsequent examination the bottom was found bare or 
nearly bare of paint. 

Among the opinions of owners, given in the paper, it is interesting to examine the views expressed 
by one owner in paragraph “ B” page 11, where it is claimed that the corrosion on steel rivets has been 
successfully arrested by the exercise of special care in the coating of the bottom. Again, in paragraph 
“F” another refers to the satisfactory results obtained from frequent dry-docking at regular periods and 
to the expected diminution of the trouble as a result of the deepening of the canal, &e. 

A rather exceptional case came to my notice some considerable time ago. A comparatively new oil- 
tanker was found to have several shell plates, situated at or about the bottom bilge line fore and aft, 
badly pitted and the defects were variously attributed to the stee! plates being of inferior quality 
or to impurities in the waters of the port where the vessel had fitted out, or of the ports to which she had 
been trading. Samples were cut from some of the plates in place in the ship subjected to laboratory and 
pert Sy tests and to the usual physical tests which were not found to give cause for any special 
remark. 

The pitting was however arrested by carefully cleaning the affected parts and coating the surfaces 
efficiently with protective composition. 

It is perhaps unnecessary to labour the point further, viz.:—that the trouble experienced in the cases 
quoted by Mr. Bennett might reasonably be regarded as arising from trading in shoal waters, the 
consequent removal of the protective coating, and perhaps, in addition, the chemical action on the bare 
steel of impurities in the waters of the American canals or loading ports to which Mr. Bennett refers. 

On page 10 of the paper it is implied that iron rivets are generally employed in ship construction in 
European countries This practice is not general as supposed by the author. In France steel rivets are 
exclusively employed, and it has not been observed that corrosion in service of steel as opposed to iron 
rivets has been more pronounced, or called for any special treatment. 

It is of course common knowledge that in the British and other war navies steel rivets are employed, 
but no useful inference can be drawn from these cases as the special care devoted to them is far beyond 
that which can be exercised economically in the merchant navies. 

The particulars of the tests made with a view to ascertain electrolytic action as given in the paper 
are very interesting if inconclusive, and the results of further experiments will be welcomed. 

I conclude by thanking Mr. Bennett for his paper. 


Mr. T. S. LearHarp. 


I have read with much interest Mr. Bennett’s paper on “Some Notes on Wastage and Corrosion of 
Shell Plates and Rivets,” and am sure that we are all indebted to him for such an interesting paper. 


I am afraid that most of the contents are of a very controyersial character, and that many of the 
items cannot be put down to corrosion. 
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Eight of the steamers referred to were built during the War in the United States under great 
pressure, where the amount of skilled labour was inadequate to the demands on it. I therefore think 
that most of the pitted riveting which Mr. Bennett discovered in these vessels was caused either through 
the scrubbing of the bottom while trading in shallow waters, or through defective holes and indifferent 
riveting, and not to any electrolytic action. 

The question of corrosion in oil stcamers is of great interest, and a solution of the problem as to its 
cause and what preventative to adopt to avoid it, is a great problem for all owners of tank steamers. In 
most of the tank steamers that have come under my observation the great problem has been the pitting 
of the inner surfaces of the shell plating, and not the pitting of rivets in the outer surface of the shell. 

Most of the vessels I have seen were built in this country, and in none of them have I seen any 
pitting of rivets on the outside similar to that described by Mr. Bennett in his paper; the only rivets 
that have been renewed were those that had been slackened owing to heavy weather and local stresses. 

I thought it might be of interest to this discussion if I gave the case of an oil steamer which we have 
at present under survey in the Thames, as an example of what has been found in previous similar cases. 

The vessel is British built and longitudinally framed, and is only four years old, and was originally 
intended for a cargo steamer, but during construction she was fitted with cylindrical tanks and converted 
into a steamer for carrying petroleum in bulk. Five cylinders were fitted in the vessel. The No. 1 
(forward) cylinder is fitted on the original tank top plating which remains intact. The remaining 
cylinders, Nos. 2, 3, 4 and 5, have outside strakes of the tank top plating removed, making the double 
bottom common to the cylinders. 

m On examining the vessel no traces of pitting were found in No. 1 double bottom tank or the cylinder 
above it. 

On the inner surface of the shell plating in way of No. 2 double bottom tank, which was common to 
No. 2 cylinder, a considerable amount of pitting was found, but as it was not of great depth it was 
recommended to be welded up. 

The inner surface of the shell plating in No. 8 double bottom was extensively corroded. The depth 
of corrosion was in places 3 of an inch in depth, and was very exceptional to have taken place in only four 
years, and practically all the shell plating in the range of the tank was renewed. 

The tank top plating in this tank was practically uncorroded. 

In Nos. 4 and 5 cylinders the corrosion to tank top and shell plating was negligible. 

The concensus of opinion of superintendents and others interested in the work of petroleum vessels, 
both from observations and analysis, is that this corrosion is caused by sulphuric acid, sometimes with 
traces of hydrochloric acid. It is caused through free sulphur in the oil being deposited by gravitation 
on the horizontal surfaces of the plating, where it is afterwards brought in contact with salt water used 
in ballasting the vessel and is transformed into sulphuric acid which affects the plating. 

An interesting point in this case was that all the corrosion occurred in the shell plates in Nos. 2 and 
3 tanks within the range of the walls of the cylinders, which seemed to show that the sulphur in the 
large mass of oil in the cylinder had fallen by gravity to the shell plating immediately below, and had not 
been washed from there into the spaces in the double bottom clear of the walls of the cylinder. 


All the pitting had occurred to the horizontal surfaces of the plating and practically none was seen 
on the vertical surfaces of the frames and reverses and floors. 

It is difficult to understand why two of the tanks in this vessel should be so much worse than the 
others. I was informed that in winter time Nos. 1, 3 and 5 were used as ballast tanks, and in the summer 
time Nos. 2 and 4 had been used, so that conditions had been similar in all. 

Another place where I anticipated to tind signs of pitting was in the partial tank top plating in way 
of Nos. 2, 3, 4 and 5 cylinders which is disposed horizontally, but no pitting was found there, the reason 
probably being that when the tanks are filled the acid contents are washed from the tank top plating into 
the bottom of the vessel. 

For the first eighteen months this vessel was in commission she carried benzine, since then all classes 
of heavy oils have been carried. 

I thought these practical details of an actual case might be of interest to members. : 

The remaining point of interest is what is the best preventative. I believe all kinds of preservative 
compositions and paints have been tried without effect as they are practically all soluble in one or other 
of the oil cargoes. 
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I have been informed by the representative of one of the leading oil lines that he has tried cement in 
one of his steamers, and on examination of some twelve months later it was found adhering to the shell, 
and when parts were broken out no further corrosion had taken place. 


I only give this as a possible solution, although I know there is a prejudice against the use of cement 
in tankers. 


The owner of the vessel I have been describing is going to try its effect in the No. 2 oil tank after 
thorough scaling and cleaning, andin No. 3 tank when most of the shell plates will have been renewed. 


The cement to be a mixture of 4 cement, } sand, to be 14 inches in thickness, and the owners have 
promised to inform me of the result of this experiment in twelve months time. 


Mr. B. J. IvEs. 


Mr. Bennett, in bringing before us the subject of corrosion, is dealing with a problem which has 
caused me to give a great deal of my official time to the subject. 


He divides the subject into two parts, viz.:—rivets and shell plating. Mr. Bennett prefaces his 
remarks by stating that the references are particular to American built and/or operated vessels, but there 
is no doubt that the phenomena to which he draws attention are also existent in vessels carrying oil and 
belonging to other countries, though nothing like to the same extent, whereas the corroded plating inside 
the ship 1s possibly less prevalent in U.S.A ships than in those of other countries. 

Mr. Bennett concludes rightly that navigation in shallow waters, thus removing the protective com- 

sition, is one of the causes whic tend to make rivet points go very quickly. The use of the pneumatic 

ammer, however, in riveting (as is usual in the U.S.A.) is in itself not one of the causes, but it is 
probably the method of heating the rivets which is at fault. If a group of rivets are taken out of the 
rivet fire together and used one by one, it appears to me that the rivets will be hammered down at 
varying temperatures. Now practically all the vessels quoted by Mr. Bennett are War-time products, and 
he tells us that the larger proportion of rivets renewed is due to wastage and corrosion and not to slack 
rivets. It is to be noted that all Mr. Bennett’s cases are, so far as 1 understand them, wastage on thie 
points ; at any rate, there are no instances given of the rivet heads wasting. He also deals generally 
with oil carriers, the only exception being the ‘* Leviathan.” 


It occurs to me that Mr. Bennett has quite overlooked one possible factor—the riveting of vessels 
is based on experience, and, so far as the rules of Lloyd’s Register are concerned, with a definite load for 
certain dimensions of ship. The stresses coming on an oil carrier are, under certain conditions of 
loading (as Mr. Thomson has shown), abnormal. It is known that many ships trading under beneficial 
protection, not requiring a freeboard, do not pay that regard to limiting the amount of load as compared 
with the load carried in oil vessels belonging to other countries. If these vessels are constantly running 
under this super load it follows that the stresses are increased. Now if the material is stressed beyond 
the limit of proportionality, it does not recover its original form, and it is in this fact that the real cause 
of so much corrosion in American-operated ships may be found. With the material stressed in this 
manner it follows that the rivet hole will alter its shape, and although the rivet may not be slack, the 
root cause of the trouble is set up, and its next stage is wastage and corrosion. This suggestion also 
applies to vessels with the normal load, their material elongates, but as the limit point is not reached 
the factors causing corrosion are not so severe, hence we have the trouble in only a minor form outside 
America. That an electrolytic action is set up is, however, also without doubt. 


The latter part of the paper dealing with pitting is the more serious in my opinion, and from the 
experience obtained of double-bottom tanks used during the war for the carriage of crude oil alterna- 
tively with salt water, there is little doubt that the residue of this mixture remaining in the bottom of 
tanks is the pre-disposing cause, and electrolytic action is set up. A similar result no doubt occurs in 
vessels carrying oil in bulk, the inside of the bottom plating suffering from pitting and corrosion. 

There is no doubt that as the carriage of liquid cargoes becomes more and more common with all 
different kinds of liquids, so the amount of explanation as to the reasons why certain defects show 
themselves will require a greater knowledge of the action which those liquids cause on a structure, and 
may call for a greater degree of frequency in survey than at present. 
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Mr. A. Ewina. 


Mr. Bennett has given us a paper that has set us thinking on the subject of corrosion in general and 
the corrosion of American steel rivets in particular, 

The number of times we read in the papers “ bottom appeared bare of paint” and “the vessel was 
trading to shoal water ports,” coupled with the author’s remarks on page 3 regarding long periods between 
dry-dockings and the insufficiency of paint inefficiently applied, seems to indicate that the remedy for the 
deplorable state of affairs is more likely to be found in the dry dock than in the laboratory. 

The interesting case on pages 3, 4 and 5 recalls the case of a vessel on the Pacific Coast which was 
lengthened by 40 feet of new structure amidships. ‘The vessel was built on the Clyde of steel plate and 
iron rivets. The new structure amidships was American plate and steel rivets, 

A few months after lengthening the vessel was dry-docked and the bottom in way of the new work 
was found somewhat bare of paint and all the new rivet points were starting to corrode, 

Fortunately the vessel was frequently dry-docked for propeller troubles, and after about three 
dockings, when the rivet points were cleaned and efficiently coated, the trouble ceased and few rivets were 
seriously effected. 

If the case referred to in the paper had been re-riveted with well-driven steel rivets and the bottom 
efficiently coated the work might have stood as well as with the iron rivets. 

About 1920 some rivet bars were on the market that would defy a steam hammer to stave them. 
One batch recalled wrecked my steel stamps, and one of the tests had a tensile of 45 tons per square inch, 
but it is not likely that many of that variety would find their way into classed work. 

In the potentiometer tests on page 5, test “B” does stand out prominently with a voltage of 049, but 
it is difficult to say to what extent these tests really represent working conditions. The potential between 
bronze and steel is nearly three times the above, and a good coating of paint has been found to be the best 
protection where bronze and steel are in contact under water. 

Iron rivets certainly have two great advantages in that they are softer to stave and ensure better 
filled holes, and they are less liable to be effected by overheating. 3 ; 

The case of the skeg on the “ Leviathan ” is scarcely a case on which to base any calculations. We 
may reasonably assume that the hull had all millscale removed and was efficiently coated before launching, 
after which she was dry-docked and recoated at least twice. The skeg was a War-time job and probably 
had a coating slapped on over millscale just before flooding the dock. Liven if it was well coated under 
those conditions we could expect most of the paint to slough off in the first few months, after which the 
unfortunate skeg was left without recoating for five years ; so it scems rather a waste of good science to 
investigate the case. 

Regarding the internal corrosion in the bottom of oil tanks, evidence seems to support the theory 
that water collects impurities from the oil and forms a corrosive solution which lodges usually on outside 
strakes or at any point where a small quantity is liable to be trapped. ‘The author gives a case where 
various coatings were tried and failed, and so far as I can learn the oil companies are still searching for 
a coating that will meet the case. d 

We have to thank Mr. Bennett for his paper which has placed facts before us, while suggesting that 
the author’s personal views leave the question open and invite discussion. 


Mr. E. W. Briocksipae. 


it is a matter of gratification to the officials of the Staff Association to have continual evidence 
that members in foreign ports take a practical interest in the papers. This is Mr. Bennett’s second 
contribution to the Transactions, and the subject of the paper will be sure to provoke a keen discussion, 
particularly among those members who have had personal experience in the ship and repair yards of the 
United States of America. 

The investigations are confined to ships built in American yards between the years of 1915 and 192i, 
under abnormal conditions, and apply to oil ships only. The discussion is, therefore, brought within 
narrow limits. . } 

The author endeavours to prove that corrosion is the result of electrical action produced by the 
presence of copper, but I venture to suggest that the experiments are not conclusive and appear to be 
contradictory. The first series of experiments referred to on page 4 of the paper which indicate the 
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difference in the amount of copper present in the drillings taken from the British and American plates, 
proves the author’s contention, but if reference is made to the experiments undertaken on the ‘ Leviathan” 
and referred to on page 6, the theory of the presence of copper as influencing the rapidity of corrosion is 
contradicted. 


The question of corrosion is one we usually associate with oil-carrying vessels. If such vessels are 
employed in tropical or semi-tropical waters and the exigencies of their service have prevented them being 
docked with the frequency that practical experience suggests, corrosion will inevitably follow, and is 
expected. The theory of iron rivets being preferred to steel rivets is one accepted by British builders for 
merchant ships, but it is doubtful whether the reason is from the point of view of corrosion. The 
subject of corrosion has always been one of great importance with the Admiralty and, as far as my 
experience in the service allowed me to observe, there has been no excessive corrosion in plates or rivets to 
suggest any alteration in their practice of the use of steel rivets. 


The methods adopted when painting the vessel’s bottom with anti-corrosive and anti-fouling paint 
referred to by the author are detrimental to the life of the ship. The foregoing reasons will account for 
corrosion to some extent, but not to the extent discovered by the author in the ships under review. 


I would suggest it is necessary to look to other reasons for the excessive corrosion. 


The United States of America was set an enormous task in building large numbers of vessels during 
the years between 1915 and 1921. The question of riveting was a very serious one, and dependence had 
to be placed on pneumatic tools in the hands of those who were unskilled in this important work. The 
general practice was to use a rivet whose shank was practically straight and which did not lend itself to 
fill completely the hole made in the two plates by the action of riming. The depth of the countersink 
was small compared with the British practice, and, consequently, full points on the rivets could not be 
obtained. The serious result is to be found in the photo prints supplied by the author. 


The pneumatic tool in the hands of an unskilled man when worked round the point of ashort-lengthed 
rivet would cut into the plate and provide an ideal spot for corrosion. ‘I'he evidence is very plain in the 
photos referred to. The practice of caulking rivets is responsible for corrosion, and sometimes riyeters, 
when paid on piece rates, are anxious to hammer up too many rivets in full heat before they ‘go back ” 
on the rivets for hardening up. The result is that the rivets fall to a critical heat—or lack of heat—and 
the action of the pneumatic tool has the opposite effect to that desired and leave the rivet loose. Hence 
there was necessity in some cases to hose-test the shell plating before launching, with beneficial results to 
both owner and builder. The pneumatic heating fires have to be very carefully watched or the steel rivets 
are burned and the inherent qualities of the rivet to resist corrosion are destroyed. 


If these suggested reasons are carefully read in association with Figs. 2 to 10 attached to the paper 
I submit it is feasible to conclude that the reasons for the wholesale corrosion in the vessels under review 
might be traced to causes dependent on workmanship rather than to chemical or electrical influence. 


I am glad of the opportunity of nia aia thanks to my old colleague, Mr. Bennett, for his 
enterprise and labour in presenting us with the results of these experiments and analysis contained in his 
excellent paper. 


Mr. W. THomson. 


The author has set forth the facts of his problem in the early pages of his paper and has then 
endeavoured to elucidate the somewhat puzzling results of his investigations. His conclusions appear to 
be that the most important factor in the case is electrolytic action and it is on this point I would like 
to say a few words. 


The experimental results given show that with steel rivets the rivets are electro-positive to the 
plate, while with iron rivets the current is reversed, but tests B and D show directly opposite results, 
although the same rivets are used in both tests. 

I do not know of cf tests directly comparable with those carried out by the author, but about four 


years ago the subject of the corrosion of electric welding was investigated on somewhat similar lines to 
those indicated in the paper. 
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The composition of the deposited material of the welds, as compared with that of the iron and steel 
rivets described in the paper was as follows :— 


Steel Rivet. Iron Rivet. Welded Material. 

Carbon ry ie aot Silty Be yaaees “090 Ben cts “030 
Manganese ... eb ee ALO 9d) comet ROMs dei oxeer 037 
Phosphorus ... Ag ak, O10) Pte 8 “085 .'° RiKG 020 
Sulphur a eee ave “050 aceres OND | sates 031 
Silicon Fist 928 = FOL Gina) tvex sd 20900) ingests “020 
Copper = mee nee mba Mee: OBO EMY Suze — 

Slag ... Res ee ras meee Pe Ebi 500 A spaee — 


It will be observed that the chemical composition of the deposited material approached more nearly to 
pure iron than did the iron rivet. The results of the tests to which I have referred showed that the 
material deposited in the weld was electro-positive to the steel and corrosion in various degrees was 
noted. 

Some of the tests were carried out with acid as the electrolyte and others with salt water. 

In the worst of the cases in which salt water was employed the extent of the corrosion, after about 
10 weeks immersion, was only slight and was not to be compared with that shown in Mr. Bennett’s 
photos which suggest a degree of corrosion which could only occur with acid as the medium. 

Of course the physical condition of the deposited material was very different from that of a 
hammered rivet, but after allowing for this it seems hardly possible that corrosion even in very foul 
water would account for the results given by Mr, Bennett. 

Before coming to final conclusions on this subject it would appear to be desirable to await further 
experience with actual ships as the results of small scale experiments of this nature are not very reliable 
when applied to a full-size structure. 


THe PRESIDENT. 


The subject of wastage and corrosion of materials is naturally one which is of considerable interest 
to this Society. Upon the extent to which corrosion takes place depends not only the cost of upkeep but 
the ultimate life of the vessel. Any means, therefore, by which the manufacture of materials, the methods 
adopted in construction, or the agents employed after the vessel is built by which the structure can be 
preserved should be adopted. 

As the author states, the matter has been much discussed from time to time, but it should not be 
beyond the wit of man to devise means by which the well-being of the vessel might be satisfactorily 
preserved. With all the research that has been engaged in for many years, in which the best intellects in 
the metallurgical world have been employed, we do not seem to have arrived at a solution so far as the 
actual manufacture of materials is concerned. 

Cases have arisen from time to time in which materials have failed when work has been placed upon 
it and it has not always been found possible to give a satisfactory explanation of the failure nor to point 
out how such trouble might be obviated in the future. 

One case of personal observation might be cited in which plates for two Scotch boilers were manu- 
factured and delivered to the boiler makers apparently free from blemish yet after being rolled to the 
required radius the plates showed innumerable minute cracks more or less all over the surface and had to 
be rejected. An exhaustive examination was resorted to, the plates were hammered and eventually cut 
up for the purpose of making mechanical tests. Some 120 test pieces were made and separated out for 
tensile, bend, and alternating stress tests. 

All the tests produced satisfactory results so far as one could judge and the chemical analysis 
pointed to a consistent manufactured material, yet the material, or the mode of working it after 
delivering it was obviously faulty, but no explanation was forthcoming. 

One might cite other cases equally enigmatical which have come to notice, in some of which the 
opinions of the great authorities on steel manufacture have been requisitioned and explanation has not 
always proved easy. 
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Where experts who have spent their lives in research have failed, it seems almost impossible for those 
of us who, though naturally taking a keen interest in the matter, have only the opportunity to view the 
subject on the surface, to succeed or even be capable of putting forward a sound theory, 

I think we must be well content to leave the matter in the hands of the metallurgist himself, but 
there are one or two points which he might be called upon to elucidate. 

He might for example give his opinion on the relative value of iron and steel for rivet material in 
connecting plates and angles of mild steel. This has been discussed by one or two speakers. I do 
not agree with some of the views expressed that the crux of the problem as to deterioration of the 
structure lies in the use of iron to the exclusion of steel rivets. If this were so then Admiralty 
vessels in which steel rivets are for the most part used would have presented much food for thought, but 
as a matter of fact one hears very little or nothing as to general defects in either the plating or rivets of 
these vessels, 

T am inclined to think that a good deal of the trouble with regard to rivets may be traced to the 
modern system of pneumatic rivetting in which the point of the rivet is subject—perhaps at an unsuitable 
temperature—to many more blows in quick succession than in the case with good methodical hand- 
rivetting. 

It ae be that—due to the rapid succession of blows from the pneumatic hammer—the structure of 
the rivet material at the point undergoes a change much in the same way that the material in the 
immediate neighbourhood of a punched hole in a plate undergoes structural deterioration due to the 
impulsive pressure applied by the punching machine, and where possible is removed by rimering or 
countersinking before the plate is rivetted up. 

Internal stress, I think, is always conducive to ultimate deterioration in the material and is likely to 
enbance the rate of deterioration where, as in the case of shell plating and riveting, any chemical or 
galvanic action might be set up either due to the action of sea water or to impurities existent therein or 
to crude oil carried in tankers, 

1 am of opinion that to bad workmanship and to indifferent attention to cleaning and painting of the 
hulls of vessels on service may be attributed a great deal of the trouble and expense to the owners 
resulting from deterioration of structural material. 


CORRESPONDENCE. 


Mr. P. T. Brown. 


I think the transactions of this Association are much enriched by this contribution, and that 
Mr. Bennett is entitled to our sincere thanks. 


The paper is most opportune and Mr. Bennett would appear to have put in a vast amount of 
effective work. 

Everything nowadays is alleged to be decadent, and the sociologists have made this a fashionable 
point of view. In the case of riveting we are, fortunately, dealing with something concrete, and 
Mr. Bennett gives us a plethora of examples. 


In 13 comparatively new vessels we find nearly half a million rivets renewed. I estimate that the 
cost of this work, apart from the loss due to vessels being out of service, will average something like 
10 per cent. of the value of the vessel. This is surely a serious proposition and deserving of the thorough 
and unprejudiced investigation which the author has carried out most admirably. 

Reading the paper and studying the photographs I find a few consistent facts :— 

(1) In the 18 quoted examples almost all the bad rivets were on the bottom of vessel. 

(2) The photographs of particularly bad examples not on the bottom are in the narrow forward 
part of the vessel—Fig. 8 shows an example in Frame 1, and Fig. 4 gives examples in Frames 
1, 2 and 3. 

(3) The photographs show the worst rivets to be frame rivets on the inside strakes. 

(4) All rivets appear to have been caulked. 
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Now it appears to me, from the above evidence that, in order to arrive at the reason for the defects 
in the specific cases considered, it is unnecessary to go further than the pneumatic tool. The human 
element is at fault. 

My experience is that up to 3} inch pneumatic riveting is reliable; that 7 inch rivets are doubtful ; 
and that above 7 inch the pneumatic tool is not to be trusted, 

On bottom work the riveter with a pneumatic tool is at a disadvantage. The poise of his body is 
such that he cannot produce full muscular advantage, and the weight of the heavy tool is against him. 
To accommodate him the rivets are made hotter than would be necessary for deck or side work, and it 
frequently happens that the rivets are burnt. A few months exposure to sea water will give such rivets 
the honeycomb appearance of Fig. 1. 

The same argument applies in the case of rivets in confined spaces. They are overheated for the 
convenience of the ** holder-up” and to secure speed. Observation 4 above also puts the blame on the 
pneumatic tool. The blows being light results in the hole not being filled right through. There will be 
a space near the head. The bigger the rivet the less the chance of filling the hole—hence the necessity 
of caulking to secure tightness. 

The more rapid or more severe action on inside strakes of bottom may be accounted for by the vessels 
lying on the mud, On such occasions the outer strakes will be in complete surface contact with the mud 
and dry, but the inner will have dead water in contact and be wet. 

I do not wish to discount the importance of the physical, chemical and electrical experiments made 
by Mr. Bennett, for they are most instructive and may prove of considerable value. I do, however, 
suggest that the same materials might have been eminently satisfactory had hand riveting been adopted. 

On the question of docking and painting there can be no doubt that the general run of shipowners 
are “ penny-wise.” If they adhered rigidly to six months intervals there would be fewer renewals and a 
saving of fuel. The quality of the paints used is also important. Some people are satisfied with anti- 
corrosive compositions which cost 60s. or less per ewt. Of course one gets ask one pays for, but it is 
doubtful economy to use cheap paints. 

Where corrosion is noted to have commenced in rivet points it is a good method to have them 
thoroughly scraped and coated with gold size before painting. 

I should like to ask Mr. Bennett one question as he probably surveys vessels which he had the 
opportunity of seeing constructed, and further seems to be so fortunate as to survey these same vessels 
from time to time. Has he ever endeayoured to trace the work of a certain squad of riveters? In one 
case under my observation I found rivet points corroded in “ areas” at different parts of the bottom. On 
enquiry the interesting fact came to light that one squad had done the riveting. 


Mr. W. ButTLer. 


Mr. Bennett has stated his problem and very cleverly left the solution to his audience. ; 

Briefly, in the “ American vernacular,” with which I am sure the author is now proficient, the 
problem is : “There is a nigger in the wood pile somewhere, there is the wood pile, find the nigger.” _ 

Some time ago a consignment of rivets came under my notice that proved unsatisfactory in 
working—the points hada nasty habit of dropping off. The firm stopped using the rivets pending 
investigations. ; 

The investigator stated that the rivets were of good quality steel, almost devoid of carbon (practically 
pure iron) but they had been seriously overheated at the shipyard, hence the trouble. That closed the 
investigation, but the firm wisely decided not to use the rivets. 

I obtained several of the rivets for a private investigation, as I could not understand why the 
routine of rivet heating by a firm should suddenly go wrong, and as suddenly right itself when the rivets 
were changed, especially as the rivets were stated to be practically pure iron. 

I found that the rivets on analysis showed a large copper content, in the neighbourhood of +15 per 
cent., which a friend of mine kindly checked. 

I then polished and etched three rivets, and the copper was plainly visible to the naked eye, 
showing as a faint yellow segregation at the core of the rivets, and the boundaries of the copper segre- 
gation were sharply defined in all cases, and occupied half the area of the rivet sections. 
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T enclose two micro-photos of one of the rivets (rather amateurish I admit, but the best I can do). 
No. 1 photo shows the structure of the rivet section away from the segregation, and is practically pure 
iron. No. 2 shows the structure at the core of the rivet section, and shows the the copper alloy 
segregation. 

Why did these rivets seriously overheat under normal shipyard conditions ? 

After careful consideration I have come to the following conclusion :— 

Copper has a melting point of 1050° C., which corresponds to the deep orange colour of heated iron, 
but the copper would probably be alloyed with iron and sulphur, and would melt maybe considerably 
below 1050° C., following the well-known laws of eutectoid mixtures. 

Thus the mere fact of heating the rivets for working would cause the copper in the segregated mass 
to liquify into minute globules, causing hot shortness, pitting and sponginess when hammered ; this 
material would be flattened and spread out to form the riveted heads, which in extreme cases fell off. 
Should conditions of water contamination be favourable, the rivets that remain are, in my opinion, ripe 
for corrosion. 

The shell plating of the “ Leviathan,” although having a copper content of *15 per cent., did not 
show any signs of pitting, but critical examination of the plates showed banded structure; probably the 
copper, as in the rivets, had segregated to the centre of the plate section where it could do no harm— 
or good. 

Is the “‘ nigger” copper? In my opinion, Yes. 

I wish to add my appreciation of Mr. Bennett’s most excellent’ paper. 


No. 1. No. 2. 
Av Swe or River. Av CENTRE OF RIVET. 


Mr. W. P. CosLuincs. 


I have read Mr. Bennett’s paper with considerable interest, as no doubt have other members. 

The number of shell rivets affected by corrosion in each of the 13 oil vessels quoted is alarming. 

It is observed that all the vessels referred to, except one, were built in the United States, and 
this consequently opens up a wide field for thought and investigation. als 

Having this fact in mind and also the remarks concerning “ An interesting Case” of a British built 
vessel, one might reasonably come to the conclusion that iron rivets (as used in the U.K.) are preferable to 
steel rivets as they are not so readily corroded by the impurities in salt water. 

Corrosion of rivet points, as well as the plating, are generally found over the bottom and at the sides, 
where the paint has been removed by scrubbing over the ground, or scoring alongside a dock wall, or pier, 


13 


if the vessel has been afloat for any length of time before dry-docking: but I have never found 
corrosion so extensive or so serious in this country, as that referred to by Mr. Bennett. 

In these cases one might reasonably question the riveting and see if the cause could be attributed 
to the pneumatic hammer and the usage of the same. 

Knowing the type of the hammer, with its concave face and sharp circumferential edge (which I 
found in use on the West Coast of America, and I presume the same type is in general use througout the 
States), I do not consider it produces a thoroughly sound rivet when operated without the assistance of a 
“Rig” to support it. It is almost impossible for the riveter to hold up this hammer, which weighs 
25 Ibs., and to stave the rivet well home, under the vessel’s bottom, for any length of time, although I 
know that some of the American riveters are hefty men. 

The surface of the plating around the outer edge of the rivet point is invariably cut into by the sharp 
edge of the hammer, as will be seen by the photographic illustrations. These indicate also excessive 
caulking which should not be encouraged, as corrosion is thereby invited not only to the plate, but also to 
the edge of the rivets which is very thin, with the result that both the plate and rivet point are soon 
attacked and corroded away when exposed to the impurities in the salt water and not protected by paint. 

To eliminate “this distressing condition” as stated by Mr. Bennett, and surely it is so, I have found 
that if the face of the hammer were flattened and the circumferential edge well rounded off, the rivets (if 
not too long) would be better staved home into the hole so that a feeler could not be inserted around the 
rivet shank, and the edge of the hammer would not cut into the plate. 

In oil ship construction and repaiting, caulking of rivets should be avoided as much as possible, and 
I am of the opinion that burning out rivets in this class of work is not conducive to the best result, and 
should not be encouraged, as there is great danger of the holes being mutilated, and although rimering is 
done, an imperfect rivet is often produced. I entirely agree with Mr. Bennett that a great deal of this 
trouble now experienced could be avoided if periods between dry-dockings were shortened, more time given 
to cleaning the outside of the shell, and to the surface being well dried, also better attention given to 
applying the paint. 

In conclusion I wish to thank Mr. Bennett for his lucid paper which I am sure will invite some 
interesting discussion. 


Mr. W. Cowirr. 


There is great similarity in the cases of corrosion of shell rivets given by Mr. Bennett, inasmuch 
that with one exception the vessels are oil tankers trading to shallow water ports, where in all probability 
the paint is scraped off the bottom within a few days after the vessel had been coated. 

In the case of the British built vessel it would be of interest to know if the paint was applied with a 
paint gun, as it appears there was no paint on the 33 new plates fitted; but it is assumed that the 
remainder of the bottom was in good condition. 

It is occasionally found that rivets are corroded in the butts and seams of the shell at the upper 
turn of the bilge in vessels which berth alongside stone quays, presumably due to the paint being rubbed 
bare and the rivets exposed to the action of sea water. In one recent case the vessel had been built in 
Spain where it is common to use steel rivets. These experiences emphasize the necessity of keeping the 
structure well coated. f 

I am of opinion that while analysis is very important, it is not the only factor in coming to a right 
conclusion as to corrosion in steel. Something of its history must be known, as it is much more 
difficult to work than iron due to impurities, and the overheating of steel is commoner than many 
imagine. I am sure that in this lies the main virtue of iron rivets. The structure of forged steel that 
has been overheated shows that the crystals grow in size and tend to fracture and oxide forms between 
them. I can quite imagine that this overheating may even take place in the manufacture of the rivets. 
The overheating of rivets is difficult to avoid in shipyards where blowpipes are fitted to rivet fires, as is 
done generally in America. Electrolysis no doubt has some bearing on corrosion, but it is difficult to see 
how it can be prevented. ’ 

The technical journals have given some prominence of late to the matter of copper content in steel, 
and it would appear that chemists are agreed that a small fraction of copper has no effect on corrosion. 
In the case of the “ Leviathan” I am not convinced that the German steel withstood corrosive action 
because of the “ presence of a high percentage of copper and the banded structure.” It seems to me that 
before a right conclusion can be arrived at due consideration should be given to the methods of protecting 
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the two samples in question. Their treatment would be very different. A vessel of the class and size of 
the “Leviathan” would be on the stocks about 18 months or two years, giving time for the plating to 
Weather ; it would be scraped and brushed clean, and probably three coats of the best paint applied. 
Before the trials the vessel would be dry-docked and carefully cleaned and two further coats of anti- 
corrosive composition and one of anti-fouling applied, making in’ all six coats of paint. Now if the “Skeg” 
of English steel had been similarly treated it might have been in as good condition as the veszel’s hull. 
It was a wartime fitting hurriedly put on, and it would be fortunate if it got two coats of paint brushed 
over the millscale, 


Mr. T. G. Dopp. 


Mr. Bennett has indeed given us a paper of great interest and value on a subject which the 
surveyors in this country have to deal with frequently. 

It is considered impossible to get and keep a good bottom coating on tankers trading regularly on 
the coastwise trade to the ports in this district, ie, Port Arthur, Beaumont, Texas City and Houston, as 
they enter and clear these ports approximately every three weeks and drag over the mud and sand and 
frequently take the ground in the shoals and narrow waterways. 

Many of the vessels on this trade have been neglected from the first and it is doubtful if more 
frequent dockings would be a great help unless the bottoms of these vessels were scaled and coated with 
red lead or white zine before applying anti-corrosive and fouling compositions, as the bottom plating is 
more or less covered with scale which is not removed by the ordinary methods in use. 

My understanding is that before the anti-corrosive composition sets hard it should be covered by a 
coat of anti-fouling and the vessel floated before the coating entirely hardens, 

It is not possible to clean and coat the keel properly on account of the keel blocks, and a lot of the 
trouble is found here. 

The extra cost of driving iron rivets would not amount to as much as at first anticipated in view of 
the fact that the labour costs approximate to 93 per cent. of the whole, 

It would be very interesting in a re-riveting case if iron rivets were driven where the worst rivets were 
removed and their condition carefully noted at repeated dry-dockings ; taking a vessel engaged in a shoal 
water trade, comparison could be made which would prove most valuable. 

Caulking of rivets can only be considered a temporary measure, and if the tank is gas free they 
should be redriven; if not they should be redviven at next dry-docking, the vessel going into dock with 
the tank clear, 

About a week ago I examined a Norwegian vessel in dry dock. This vessel was built in Norway in 
June, 1924, and was last; dry-docked in November of that year. The paint on the bottom was very thin 
and the shell was bare in places. It was noted that a number of the rivet points in the bare areas had 
commenced to corrode and were slightly honeycombed. It is presumed that these were iron rivets 


Mr. J. Frencu. 


In this Paper on corrosion of shell rivets and plates Mr. Bennett has discussed a problem which has 
given cause for very serious consideration to all concerned ; and, to my mind, has presented the facts 
and stated the case in a most admirable manner, 

The “ Interesting Case” given on pages 3 to 6 was a very perplexing problem when the case came 
before us. I can vouch for the truth of the writer’s statement that the condition was a distressing one, 
having seen the vessel and having followed it through until the decision was made to re-rivet with iron rivets. 
I feel satisfied that the substitution of iron rivets in the bottom of tankers, the more frequent dry-docking, 
and greater care being taken in the cleaning aud re-coating of the outer shell, would eventually prevent 
a recurrence of this trouble. That the reason for the trouble experienced can be, to some extent at least, 
attributed to the difference in the composition of the shell plate and rivet, seems to me fairly obvious, 
but this aspect of the subject is being further investigated by Mr. Bennett, and it is hoped the additional 
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Regarding the experiments mentioned in the last paragraph of the paper I might add that the 
specimens of the low-copper steel, high-copper steel, and “silicon” steel plates, have now been rivetted 
together with varying quality steel and iron rivets, and the specimens are now being prepared to be 


—CORROSION TESTS — 
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shipped to Key West, Fla. ; Portsmouth, N.H.; and Port Arthur, Tex. ; where they will be submerged. 
It is the intention to lift these specimens about every six months and report as to the conditions 
found on same. Mr. Bennett has made a sketch of the riveted specimens for record purposes, and I am 
enclosing copy of same herewith. 
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Mr. J. Harporrie. 

Knowing Mr. Bennett and the thorough way he goes into anything he takes in hand has made me 
read his paper with great interest. He seems to have proved that iron rivets are less subject to corrosion 
than steel, as in one instance quoted when 8,500 steel rivets were renewed by iron rivets and again 
examined after six months sailing there was no evidence of corrosion. 

The experiments made to ascertain electrolytic action are extremely interesting, and, given a 
surrounding medium conducive to the action, we generally find that the more widely divergent any two 
elements are, either composing a material or a structure, the greater the corrosion which in every instance 
develops on the part which is electro positive. Rust being electro negative, the first film makes the 
electrolytic cycle complete. No one seems to be able as yet to give a definite cause for corrosion, and 
Mr. Bennett sums the matter up when he says the trouble is the accumulation of causes. Apart from 
electrolytic action the impurities met with in different rivers tend to help corrosion, samples of different 
river water showing magnesium chloride, oxygen and carbonic acid gases to be common components of 
these waters. Magnesium chloride will, under certain conditions, split up, giving free hydrochloric acid 
which will attack rivets or plates. The iron attacked forms iron hie. This splits up, giving black 
oxide of iron and acid back again, the corrosion thus forming a cycle. Oxygen in the presence of 
CO, attacks rivets and plates, producing ferrous carbonate, and in the presence of water and oxygen 
this forms ferric hydrate. In contact with iron this is reduced to black ferrous oxide, and oxygen 
is liberated. ‘The oxygen and carbon-dioxide further attack the metal with a similar cycle of events. It 
would appear from the photographs that the surface of the plate and the points of the rivets had been 
severely disrupted either by the tools employed or the method of riveting, and on this assumption an 
extract from two lectures, given before the Royal Institution by Dr. E. K. Rideal, on the 2nd and 9th 
February, 1926, on “Surface Action” might be of interest. Until recently it had been difficult to 
account for reactions which occurred at the solid surfaces now so largely used as industrial catalysts. It 
was because the surface energy varied from face to face of a crystal that chemical reagents attacked first 
the edges of a crystal in preference to the central parts of the crystal faces. _//, moreover, the crystalline 
structure of a face were disturbed by mechanical deformation, chemical action would be greater in the parts 
thus treated. In fact, generally, if in any way we altered the surface faces we could alter at the same 
time the physical al chemical properties of that surface. Certain experiments which I had the 
opportunity of observing showed that the introduction of an element such as nickel or chromium into 
steel lessened the corrosion. These elements lessened the difference in electric potential or drop between 
the carbon and iron which appeared to help the material to resist corrosion. We have had cases of very 
rapid corrosion in boilers. In one case the whole of the tubes, 75 per cent. of the screw stays and several 
of the longitudinal stays had to be renewed after two months. In another case in a vessel with three 
boilers all the tubes and 75 per cent. of the screw stays in the starboard boiler, and about 50 per cent. 
of the tubes, and 25 per cent. of the screw stays in the port boiler had to be renewed, while the centre 
boiler, which had exactly the same treatment, appeared perfect. This wastage practically occurred 
within three months steaming. The material was found to be up to the ordinary standard. The tubes, 
which were of iron, were wasted more than the stays which were of steel. In these cases the question of 
electrolytic action could scarcely come in. The experts employed suggested that it was catalytic action 
but could not say whether this agent was in the material or in the water. The tubes and stays were 
renewed and the boilers thoroughly cleaned out and the surfaces coated with zinc powder. To prevent 
an excess of air finding its way into the boilers extra air cocks were fitted on the lower part of the feed 
pump air vessel. The old zinc plates which were found in an allotropic condition were renewed. The boilers 
after nine months steaming were again examined and found in good condition with no sign of wasting. 

Gases in water help corrosion, and with steel form a chemical cycle, and by protecting the surfaces 
and avoiding these gases as much as possible we help to preserve the structure. An anti-catalyst 
may some day be found for mixtures of iron which will overcome rapid corrosion. 

Aston and Evans have shewn that surfaces of different polarity can be caused by the uneven distri- 
bution of a gas over a surface. If, for example, there is more oxygen over one part of the surface than 
another the part which has most becomes cathodic or electro negative, while the other becomes anodic. 
This means that the part to which the oxygen has the least access becomes corroded, This discovery by 
Evans has quite opened up a new field in corrosion research. He terms this developing of a corrosion 
cell “ Differential Aeration.” He has also clearly shewn that “ Differences of stress in metals set up 
cathodic and anodic poles.” 
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Differences in physical structure in the same metal, produced by burning or overheating, may 
produce electrolytic action. He also shewed that on a surface otherwise chemically and physically 
uniform abrasion may result in the development of local corrosion cells. The lodgement of foreign 
particles establishes areas of different polarity (Evans “ Journal” Institute of Metals 1921, 1923). 

I absolutely agree with Mr. Bennett in his conclusions that iron rivets resist corrosion better than 
steel, that greater care in riveting and less rough caulking should be done, that with a properly driven 
rivet caulking is not necessary and that vessels in shoal water trades should be dry-docked and recoated in 
short periods as found necessary. 

Mr. C. Hastie. 

In light of observation a probing into an abnormal condition is the most effective and trustworthy 
recourse to an end. Varied experience and opinions advanced after analysis, generally tend toward good 
deductions and Mr. Bennett’s very interesting paper, although tending in a definite and limited direction 
and of special concern to certain shipowning bodies, should, I would conjecture, call up experience from 
many far off centres, making it a valuable addition to the general collection of transactions under the 
heading of ‘ Corrosion.” 

Cases where the disability reached such distressing stages as catalogued in the outset of the paper 
have not been evidenced within the writer’s knowledge in this district since 1921. Three vessels con- 
tracted for in the early emergency period were, however, greatly affected shortly after their commission, 
the bilge strakes having to be entirely re-riveted. Each vessel’s bottom was thoroughly cleaned and 
treated to two coats of white zinc prior to the usual application of the anti-corrosive coatings and this 
resulted in a termination of the trouble. 

With an associate I was shortly afterwards interested in a little metallurgical work in respect of failures 
and deterioration of the heads of certain multitubular steam boilers and information was derived which 
proved useful with regard to badly corroded rivets found subsequently in vessels’ bottoms, and which 
shewed that a probable cause, ina great many instances apparently, could be attributable to the 
make-up of the material and its handling due to subsequent exposure. 

It has been noted on various occasions that rivets in process of heating in the fire of small portable 
furnaces may be, according to their position, not heated properly throughout and sometimes arrived near 
the stages of having one end almost burnt and the other cold, also throwing rivets through space, especially 
when thrown spinning, caused the rivets to be in anything but in a proper condition for lodging home. 

Material so treated would be very susceptible to accelerated corrosion if the coating film of protective 
compositions became impaired and the steel exposed. 

Jertain corroded steel rivets cut out from vessels’ bottoms and examined under the microscope 
showed characteristics similar to those found in the boiler ends. Microscopic investigation showed the 
structure to be overheated and local irregularities to exist. The presence of numerous fine cracks following 
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NEw STEEL RIVET X 125. 
Unetched. 
Impurities—Dirty Condition of Metal. 


the boundaries of the grains defining what is known as inter-crystalline brittleness generally indicated 
impurities in the steel, and the existence of oxide of iron and manganese sulphide inclusions, the 
iron oxide appearing as dark spots, the manganese sulphide as dark gray globules was also evident. 
Photomicrographs of such rivets and of a section of boiler plate are reproduced. 
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Mr. J. HARBOTTLE. 

Knowing Mr. Bennett and the thorough way he goes into anything he takes in hand has made me 
read his paper with great interest. He seems to have proved that iron rivets are less subject to corrosion 
than steel, as in one instance quoted when 8,500 steel rivets were renewed by iron rivets and again 
examined after six months sailing there was no evidence of corrosion. 

The experiments made to ascertain electrolytic action are extremely interesting, and, given a 
surrounding medium conducive to the action, we generally find that the more widely divergent any two 
elements are, either composing a material or a structure, the greater the corrosion which in every instance 
develops on the part which is electro positive. Rust being electro negative, the first film makes the 
electrolytic cycle complete. No one seems to be able as yet to give a definite cause for corrosion, and 
Mr. Bennett sums the matter up when he says the trouble is the accumulation of causes. Apart from 
electrolytic action the impurities met with in different rivers tend to help corrosion, samples of different 
river water showing magnesium chloride, oxygen and carbonic acid gases to be common components of 
these waters. Magnesium chloride will, under certain conditions, split up, giving free hydrochloric acid 
which will attack rivets or plates. The iron attacked forms iron shlabide. This splits up, giving black 
oxide of iron and acid back again, the corrosion thus forming a cycle. Oxygen in the presence of 
CO, attacks rivets and plates, producing ferrous carbonate, and in the presence of water and oxygen 
this forms ferric hydrate. In contact with iron this is reduced to black ferrous oxide, and oxygen 
is liberated. ‘The oxygen and carbon-dioxide further attack the metal with a similar cycle of events. It 
would appear from the photographs that the surface of the plate and the points of the rivets had been 
severely disrupted either by the tools employed or the method of riveting, and on this assumption an 
extract from two lectures, given before the Royal Institution by Dr. E. K. Rideal, on the 2nd and 9th 
February, 1926, on “Surface Action” might be of interest. Until recently it had been difficult to 
account for reactions which occurred at the solid surfaces now so largely used as industrial catalysts. It 
was because the surface energy varied from face to face of a crystal that chemical reagents attacked first 
the edges of a crystal in preference to the central parts of the crystal faces. Jf, moreover, the crystalline 
structure of a face were disturbed by mechanical deformation, chemical action would be greater in the parts 
thus treated. In fact, generally, if in any way we altered the surface faces we could alter at the same 
time the physical eh chemical properties of that surface. Certain experiments which I had the 
opportunity of observing showed that the introduction of an element such as nickel or chromium into 
steel lessened the corrosion. These elements lessened the difference in electric potential or drop between 
the carbon and iron which appeared to help the material to resist corrosion. We have had cases of very 
rapid corrosion in boilers. In one case the whole of the tubes, 75 per cent. of the screw stays and several 
of the longitudinal stays had to be renewed after two months. In another case in a vessel with three 
boilers all the tubes and 75 per cent. of the screw stays in the starboard boiler, and about 50 per cent. 
of the tubes, and 25 per cent. of the screw stays in the port boiler had to be renewed, while the centre 
boiler, which had exactly the same treatment, appeared perfect. This wastage practically occurred 
within three months steaming. The material was found to be up to the ordinary standard. The tubes, 
which were of iron, were wasted more than the stays which were of steel. In these cases the question of 
electrolytic action could scarcely come in. The experts employed suggested that it was catalytic action 
but could not say whether this agent was in the material or in the water. The tubes and stays were 
renewed and the boilers thoroughly cleaned out and the surfaces coated with zinc powder. To prevent 
an excess of air finding its way into the boilers extra air cocks were fitted on the lower part of the feed 
pump air vessel. The old zinc plates which were found in an allotropic condition were renewed. The boilers 
after nine months steaming were again examined and found in good condition with no sign of wasting. 

Gases in water help corrosion, and with steel form a chemical cycle, and by protecting the surfaces 
and avoiding these gases as much as possible we help to preserve the structure. An anti-catalyst 
may some day be found for mixtures of iron which will overcome rapid corrosion. 

Aston and Evans have shewn that surfaces of different polarity can be caused by the uneven distri- 
bution of a gas over a surface. If, for example, there is more oxygen over one part of the surface than 
another the part which has most becomes cathodic or electro negative, while the other becomes anodic. 
This means that the part to which the oxygen has the least access becomes corroded. This discovery by 
Evans has quite opened up a new field in corrosion research. He terms this developing of a corrosion 
cell “ Differential Aeration.” He has also clearly shewn that “ Differences of stress in metals set up 
cathodic and anodic poles.” 
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Differences in physical structure in the same metal, produced by burning or overheating, may 
produce electrolytic action. He also shewed that on a surface otherwise chemically and physically 
uniform abrasion may result in the development of local corrosion cells. The lodgement of foreign 
particles establishes areas of different polarity (Evans “ Journal” Institute of Metals 1921, 1923). 

I absolutely agree with Mr. Bennett in his conclusions that iron rivets resist corrosion better than 
steel, that greater care in riveting and less rough caulking should be done, that with a properly driven 
rivet caulking is not necessary and that vessels in shoal water trades should be dry-docked and recoated in 
short periods as found necessary. 

Mr. C. Hastie. 

In light of observation a probing into an abnormal condition is the most effective and trustworthy 
recourse toan end. Varied experience and opinions advanced after analysis, generally tend toward good 
deductions and Mr. Bennett’s very interesting paper, although tending in a definite and limited direction 
and of special concern to certain shipowning bodies, should, I would conjecture, call up experience from 
many far off centres, making it a valuable addition to the general collection of transactions under the 
heading of ‘ Corrosion.” 

Cases where the disability reached such distressing stages as catalogued in the outset of the paper 
have not been evidenced within the writer’s knowledge in this district since 1921. Three vessels con- 
tracted for in the early emergency period were, however, greatly affected shortly after their commission, 
the bilge strakes having to be entirely re-riveted. Each vessel’s bottom was thoroughly cleaned and 
treated to two coats of white zine prior to the usual application of the anti-corrosive coatings and this 
resulted in a termination of the trouble. 

With an associate I was shortly afterwards interested in a little metallurgical work in respect of failures 
and deterioration of the heads of certain multitubular steam boilers and information was derived which 
proved useful with regard to badly corroded rivets found subsequently in vessels’ bottoms, and which 
shewed that a probable cause, ina great many instances apparently, could be attributable to the 
make-up of the material and its handling due to subsequent exposure. 

It has been noted on various occasions that rivets in process of heating in the fire of small portable 
furnaces may be, according to their position, not heated properly throughout and sometimes arrived near 
the stages of having one end almost burnt and the other cold, also throwing rivets through space, especially 
when thrown spinning, caused the rivets to be in anything but in a proper condition for lodging home. 

Material so treated would be very susceptible to accelerated corrosion if the coating film of protective 
compositions became impaired and the steel exposed. 

Certain corroded steel rivets cut out from vessels’ bottoms and examined under the microscope 
showed characteristics similar to those found in the boiler ends. Microscopic investigation showed the 
structure to be overheated and local irregularities to exist. The presence of numerous fine cracks following 
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the boundaries of the grains defining what is known as inter-crystalline brittleness generally indicated 
impurities in the steel, and the existence of oxide of iron and manganese sulphide inclusions, the 
iron oxide appearing as dark spots, the manganese sulphide as dark gray globules was also evident. 
Photomicrographs of such rivets and of a section of boiler plate are reproduced. 


18 


NEW 


Heap or New STEEL Rivet xX 30, New STEEL RIVET X 125, 
Unetched. Etched with Picric Sol. 
Showing half large inclusion and half metal. True structure (good 
OLD, 


BOILER PLATE X 150, BoILER PLATE X 150. 
Etched Nitric Sol. Etched Nitric Sol. 
Showing nuclei of cracks and impurities. Longitudinal section of crack. 


Fine cracks following grain boundaries. 


STEEL RIVET X 125, Steet RIvET AT CoRRODED POINT x 125, 


Unetched. Etched with Picric Sol. 
Large sonim.* True structure showing overheating 
and punished. 
OLD. 


Street RIveT x 125. STEEL RIVET X 125. 


Etched with Picric Sol. Unetched. 
True structure, considerably overheated. Showing strata of sonims,* 


* Sonims is a term used to describe solid non-metallic impurities or inclusions, 
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It is stated that, at the end of the refining operation by which steel is made, a considerable amount 
of iron oxide is formed, and in spite of steps taken for removing it from the molten bath of metal by the 
addition of manganese, &c., some of it, occasionally quite a little, is retained in the metal, when, if 
— in sufficient quantities, it becomes a source of red shortness, besides having other detrimental 
effects. 

A paper by F. G. Burgess, of the University of Wisconsin, presented before the Western Society of 
Engineers, says :— 

“With a particle of carbon or cinder or other material electro-negative to iron, the iron 
becomes the corroding anode material, and it is upon this basis that the common explanation is 
given for the production of certain pitting attributable to the presence of a small particle of 
cinder or black oxide scale or other similar material which makes the iron immediately around it 
the anode.’ 

When bright areas on the shell of a vessel are in evidence it is accepted that electro-chemical action 
is present, and leads to the supposition that the affected spot rivet, or plate, as a unit is the anode, and 
another part of the vessel the cathode, a fundamental law of electrolysis being that the cathode is 
subjected to an accumulating action and the anode to a corroding or wasting action, 

In the case of the repaired vessel and the electrolytic tests made in respect thereto, a couple 
comprising of Nos. 1 and 5 does not appear to have been introduced, and the chemical analysis of the 
original (British) rivets which could have been compared with that of the iron rivets used in re-riveting 
the vessel is not furnished. These would have increased the value of the data of the experiment. 

The tests are rather interesting, but to my mind could not be taken seriously, and with reference 
to the mass, &c., of material as variables to which Mr. Bennett refers, it would, I am afraid, very 
considerably influence the tests throughout, and to continue same for definite results would necessarily 
mean running into enormous numbers, the calibration of which would need to be carried out with the 
most delicate of instruments, &c. 

It may be of interest to note that, for a considerable number of years all material made and 
contemplated for special use in connection with United States naval work is subject to metallographic 
standard requirements of the Bureau of Steam Engineering, in addition to the chemical analysis and 
physical strength tests, and although material may have passed muster in the instance of the two latter- 
named tests, it has been known quite often to have been rejected under determination of the former. 

Opinions relative to the influence of copper content in steel as indicative of anti-corrosive 
possibilities are very controversial, although from the practical side there appear now to be many more 
adherents who consider the content too minute in the metallic make-up to affect appreciably steel 
submerged in water. 

To-day in America we have, as it is quoted, a “ steel age” as demand and competition decrees, and 
shipbuilding in this tremendous sphere has but a very nominal place, but the use for ships is quite 
different, and also prevalent with the times we have a dynamic factor, viz., Speed.” In regard to the 
latter, and in the instance of a vessel having to be placed in dry dock much indeed could be said, and I 
am very pleased Mr. Bennett has rightly made excellent reference to certain features in respect thereto. 
The application of protective coatings and the methods used are worthy of consideration. With the 
spray it sometimes becomes necessary at certain ports, according to seasonal climatic conditons, to thin 
down the solutions, and at such periods the percentage of moisture precipitated by the mechanical 
apparatus is also greatly increased, with no beneficial effect. 

In conclusion, I wish to extend my appreciation to the author for his paper. 


Mr. J. Hopason. 


I have read with much interest Mr. Bennett’s paper on the question of corrosion of shell plates and 
rivets. 

The species of corrosion dealt with in the paper when they occur are generally of a malignant nature, 
and any contribution towards determining the causes of such corrosion is of great, importance. 

In nearly all the cases of corrosion of shell rivets mentioned, the two salient facts appear to be that 
the rivets were of steel and the ships were built in America. 

In 1922 I hada tanker, seven years old and built in America, under survey, and upon examination 
in dry dock it was found that practically all the points of the underwater shell rivets were more or less 
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corroded, those in the bottom and keel being in a very bad condition. The rivets were of steel, and 
upon that occasion it was necessary to remove some 20,000 rivets, and I believe that subsequently a 
very large additional number had to be renewed. Whilst practically all the rivet points were affected, 
no pitting was found on the plating. The conclusion made at that time by those present on the survey 
was that the corrosion of the rivets was due to electrolytic action between plating and rivets. It might 
also be mentioned that this vessel belonged to an important oil company who regularly dock their 
vessels ; this particular vessel had been trading mostly to the Gulf of Mexico. 

With reference to the pitting found on the inner surface of the bottom plating of oil tankers, it 
might be of interest to mention rather a serious case of this kind which came under my survey a few 

ears ago. 

r A tanker eight years old had been carrying continuously crude oil from the Persian Gulf, and it 
was found that the inner surface of the bottom plating throughout the tanks was very badly pitted and 
corroded ; some of the “ pits” extended half through the thickness of the plating. The corrosion was 
worst in the places where drainage water would lie. 

The theory that this pitting is caused by water amongst the oil settling to the bottom and com- 
bining with some impurities in the oil to form an acid deleterious to the plating appears to be a very 
reasonable one. 


Mr. H. G. House. 


I have read Mr. Bennett’s interesting and instructive paper and agree with the author in the case 
of wasted rivets, particularly in the bottom of American-built vessels trading to United States Gulf 
ports, that this is probably due to a combination of causes. However, I am of the opinion that where 
steel rivets are used a great deal depends on the workmanship. If these rivets, on test, require to be 
caulked, this process tends to crystallize the points, especially when caulked with pneumatic tools, and 
this naturally would increase the possibility of corrosion. I am also of the opinion that if iron rivets were 
used this corrosion would be negligible. 

With regard to the author’s remarks on painting, while in many cases proper care is not taken to 
thoroughly clean the vessel’s bottom before the anti-corrosive paint is applied, I think it is the general 
custom to float the vessel before the anti-fouling coat is dry, otherwise it would tend to loose its 
efficiency. 


Mr. A. W. JAcKSon. 


The author is to be congratulated for bringing this subject to the notice of the Members of the 
Association. 

On the bottom of page 12 the author mentions the case of two oil tankers carrying oil from 
Tampico, Mexico. Recently an oil tanker, trading on the service mentioned above, came under a 
docking survey, and it was found that the bottom plating forward and aft was much more corroded than 
it is usual to expect in a vessel less than four years old, and 84 shell plates were scaled bright and 
recoated. 

On inquiry I found that oil was taken on board at approximately 110° F. to allow it to flow freely. 

Referring to the experiments mentioned by the author, it would appear that when various metallic 
couples are immersed in proximity in salt water, there is a certain electrical potential difference between 
them on account of electrolytic action. 

M. Leon Guillet, in his paper on “ The Testing of Materials for Shipbuilding,” read at the Summer 
Meetings of the Institution of Naval Architects in 1922, stated that a thermo-electric investigation 
permits steels of varying compositions, but of the same degree of Brinell hardness, being differentiated 
by comparison with a standard metal. ' 

In a thermo-couple a certain electrical potential difference exists between a pair of metals, and 

depends both on the difference of temperatures of the junctions and on the actual temperatures of the 
junctions. 
, Consequently, as there will be a difference of temperatures between the interior and exterior 
surfaces of the plates and rivets, due to the difference of temperatures of the oil and the salt water, a 
difference of electrical potential will be set up, and it is reasonable to expect to find corrosion of the 
plating and the rivet points, This might account for the corrosion found in the case of the oil tanker 
cited above. 
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From an analysis of the results of the tests to ascertain electrolytic action shewn on page 5, it would 
appear that the copper content instead of retarding corrosion tends to assist it, as the higher voltages are 
obtained with combinations containing samples Nos. 1, 8 and 8, and the maximum yoltage with Nos. 3 
and 8, where the largest amount of copper exists in the individual samples, 

Regarding the going back on rivets mentioned by the author at the top of page 10, on Admiralty 
work where high tensile steel rivets were used the practice of going back on rivets was discontinued, as 
it was found to have a deleterious effect, as a large number of points broke off at the bottom of the 
countersink. 

The author voices the opinion of most of us when he calls attention to the length of time that often 
elapses between dry-dockings for painting the underwater portion of the shell, and also to the absence of 
care and lack of supervision when the operations of cleaning and coating are taking place. 


Mr. C. H. Jorpan. 


I have read this very able paper with great interest. 

The wastage of steel rivets at the points in the bottoms of vessels necessitating the renewal of such 
large numbers, as stated in his paper is a serious matter. 

It appears that steel rivets are more liable to corrosion and wastage at their points than iron rivets. 
It also appears that in some of the cases referred to in the paper, in which large numbers of rivets had to 
be renewed, the vessels had in their trading been in shallow waters at times, and had not been in dry 
dock for long periods, when the bottoms were found to be bare of paint. 

The author points out, in the cases of vessels which are engaged in trades taking them occasionally 
in shoal waters, the advisability of dry-docking them for cleaning and recoating at intervals of about 
six months. His statement on page 10 with reference to greater care being exercised in the cleaning, 
scaling and recoating of the bottoms of such vessels, and to the necessity of owners insisting and seeing 
that this is done, each time their vessels go in dry dock, is very important. For there is no doubt that 
if this were done, a great deal of the trouble and expense now incurred would be avoided. 

The case of the steamer ‘“ Leviathan” is of special interest, as it seems to point to the comparative 
freedom from corrosion of the German steel used in her construction, being due more to its peculiarity of 
structure, than to the presence in it of copper. 

In view of the statements of owners on pages 11 and 12, particularly that under letter “ D” on page 11, 
and in view of past experiences in the building and surveying of steel vessels, I am of opinion that a very 
effectual, if not the most effectual, mode of preventing corrosion is, in the first place, when the vessel is 
building, to take the earliest opportunity as completion of the work advances, to thoroughly clean all 
the surfaces with wire brushes. Then, in dry weather, apply a coating of boiled linseed oil, not lightly 
brushed on, but well rubbed on the steel with the brush, particularly on the outside of the bottom, and 
over the rivet points. Ample time should then be allowed for the oil to dry. By this means an elastic 
basis is provided for the painting, which is very important, as it greatly aids the paint to meet the 
expansion and contraction of the steel in various temperatures. When the oil is dry two coats of white 
zinc paint should be applied, the second coat being sufficiently coloured with red lead to show that all 
parts have been properly covered. This process as regards the outside bottom should be repeated each 
time the vessel is dry-docked, it being understood that after the second coat of zinc paint has been 
allowed to dry, the anti-fouling compositions approved by the owners may be applied. 


Mr. G. L. Lyte. 

Mr. Bennett’s paper will inform the many who do not come into touch with repairs to oil carrying 
vessels of the peculiarities sometimes met with and also the alleged causes of same. 

We, in this country, do not appear to meet generally with the same amount of wastage, although odd 
cases of a somewhat similar nature to those quoted in the paper occasionally crop up and the worst cases 
coming under my observation have been vessels built in America during the Great War period. 

The explanations advanced by the author carry a fair amount of weight. 

While it appears almost impossible to dispose entirely of wastage once it obtains a hold, it can be 
arrested if proper attention is given. With the present day haphazard methods of painting vessels in dry 
dock, little or no consideration being given to the condition of the steel, with paint applied over scale and 
sometimes with beads of moisture hanging from the plates during “muggy” weather, encouragement 
is given to corrosive activity. 
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The tests to ascertain Electrolytic Action are particularly interesting, 

The question of Steel v Iron rivets is frequently discussed, the general opinion being in favour of 
iron and British shipbuilders and repairers are fortunate in obtaining iron rivets at a price comparing 
favourably with steel. Iron rivets at the present time cost £18 per ton and Steel £12 15s. If steel 
rivets are used in the U.K. an additional payment is made to the riveters of 7d. to 1s. 3d. per 100 rivets, 
according to size. Iron rivets undoubtedly due to their softness allow the hole to be better filled. 
Frequently holes are punched or drilled too large in diameter for the rivets used. It is not uncommon 
to find holes intended for {-inch rivets punched 1-inch. If in three ply riveting the rivet is not 
properly heated for its full length it will never fill the entire hole whether hand or pneumatically riveted, 
In some districts rivets are placed in holes in a small plate, placed in the rivet fire, the outer part of the 
rivet is satisfactorily heated but the part of the rivet next to the head is never suificiently hot to 
allow the hammer blow to expand it to adequately fill the hole. 

Present day riveting methods are against ideal finish of work; if hand riveting is adopted few 
riveters stave the rivets well up into the hole, it is nobbled over and in hammering up is drawn over to fill 
the outer thickness it goes through. If it was possible to saw through many rivets after being hammered 
up, I fear it would be found that a large percentage do not fill the hole from head to point. 

The frequent use of the “tomahawk” or “dummy” in setting round the rivet points is another 
damning factor; this should be entirely dispensed with. 

Regarding pitting on the inside of the bottom shell the author’s views no doubt represent partially 
responsible causes. In one vessel undergoing survey some time ago it was observed that in several tanks 
the inside of the bottom shell was peculiarly pitted, the pitting extended in a st aight line at different 
parts as ifa sharp tool had come into contact with the plating causing scores of lengths varying from 
3 feet to 10 feet by about 1 inch wide; these marks went across the plates in a diagonal direction. It is 
doubtful if any known reason could be given as the actual cause of such scoring. 

I am sure we all will agree with the conclusions the author gives in his paper. 

One factor which has been overlooked is that if oil carrying vessels are originally well constructed it 
will be found that wastage and corrosion of rivet points and rivets do not set in so rapidly as in. vessels 
which have not a high grade of workmanship. Experience with many oil vessels over a long period has 
shown that in many cases where corrosion and wastage of rivets occurred the work was not as close as ib 
might have been. 

American built oilers have been under survey at this port, Liverpool, and little or no signs of 
corrosion or wastage of rivets were observed ; on the other hand other American built oilers have been 
under survey and large numbers of rivets were renewed due to wastage and corrosion and in the latter 
the workmanship was not of a high standard, Therefore one is inclined to believe that time spent on 
examining and supervising work as it proceeds on an oiler is well spent and it is in this direction, in my 
opinion, we can somewhat help to lessen the number of wasted rivets. Unfair holes, improper screwing 
together before riveting and rivets not efficiently filling the holes play a larger part in causing wastage 
than is generally thought. 

Tn vessels other than oilers wasted rivets are frequently found at the fore end, particularly in the 
rivetting of the panting arrangements; this is no doubt due to a certain amount of working of the vessel 
combined with the fact that as frames and other sections are bevelled and of an awkward formation and 
the inside working space difficult it frequently occurs that the work is not as close as it might be. This 
wastage is of a similar nature to that where thousands of rivets were taken out and renewed in American 
built oil carrying vessels trading from Gulf ports to the U.K. : 

Mr. Bennett’s paper is really interesting and greatly appreciated and I am sure we all will be 
interested to learn the results of the experiments being carried out by the Corrosive Sub-Committee of 
the A.S.T.M. 


Mr. D. Minar. 


Mr. Bennett has presented a very interesting and enlightening paper; he is worthy of the con- 
gratulations of his colleagues for the able manner in which he has discussed his subject. 

There is no doubt whatever that in many cases where there kas been deterioration of the rivet 
points and plating, this condition is due in some measure to the hasty application of the paint to surfaces 
not properly cleaned, and very often still damp when application has been made, and to the vessel being 
again floated as soon as the last stroke of the brush is made, the newly applied paint coming to the 
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surface as the water rises in the dock. Should the vessel be on the southern run, using many of the 
canals and shallow rivers, the first trip into these waters removes any paint that remains on the bottom, 
so that the vessel in reality may only have paint on the bottom for one month in the year. In this 
connection it must be remembered that “Speed is the essence of the contract” when it comes to 
painting. 

There are several vessels built and owned in the U.S.A. which have iron rivets throughout the 
entire shell, and it is understood that these vessels are in excellent condition as to bottom rivetting. It 
‘is the opinion of many that it is in the laboratory that we will find ultimately the remedy for the 
conditions which Mr. Bennett has placed before us. 

Having taken at least one dozen of rivets similar to the one shewn in Fig. 1, I had them carefully 
backed out of the holes, then had them subjected to various physical tests, both hot and cold, to ascer- 
tain if there was any cause for the rapid deterioration in the material itself. It was found in all cases 
that the remaining material of the rivets withstood all tests equal to those applied to new rivets; so 
that, as stated by Mr. Bennett, there are many causes which can be assigned to this excessive wastage 
and pitting, namely, insufficient and inefficient paint, electrolytic action, constituents of materials used 
not being in harmony with their surrounding attachments, &c., the neglect of dry-docking at regular 
intervals, too little care in the cleaning, applying and drying of coatings to the under-water surfaces. 

May I ask that Mr. Bennett examine under the microscope the newly riveted points of both steel 


and iron rivets, these rivets being hammered in the holes, one by pneumatic hammer and the other by 
hand, and furnish the result. 


Mr. F. H. Osson. 


The explanations advanced by Mr. Bennett for the various cases of corrosion described in his paper 
cover a wide field, and I fully agree with the author that the trouble cannot be traced to any one par- 
ticular cause, but is due to an accumulation of causes. 

Most of the tankers dry-docking in this district are trading to shoal water ports, and are frequently 
scrubbing over the bottom. In many cases of American built vessels, which are steel riveted, the points 
of the rivets over a large area of the bottom, and in some cases over practically all plates keel to “ E” strake, 
are found to be more or less pitted. 

Overheating does take place occasionally, though this may be neglected as being the cause where so 
many rivets are found pitted. The numerous pattering blows of pneumatic hammer tends to harden the 
point of the steel rivets and leave a smooth hard surface from which the first coats of paint soon rub off. 

It has been noted at the next dry-docking after a repair job that the rivet points are bare of paint, 
and that corrosion has started. In one case of a vessel, not classed with this Society, going into dry-dock 
approximately ten months after extensive bottom repairs had been completed, it was found that all the 
new rivets were so badly honeycombed at the points that it was decided they would have to be renewed 
at the next docking. The old bottom rivets, all steel, were not affected. 

The critical period for a steel rivet is, in my opinion, the first few months after the vessel is 
launched, or after having a new bottom riveting job; this would specially refer to vessels trading to 
American ports where sewage and refuse of all kinds is dumped into the nearest waterway. The trouble 
would be greatly reduced by dry-docking three months after building, and then hauling out at periods of 
six months for re-coating. In all cases that have come under my notice where the periods for dry-docking 
were nine months or over, extensive rivet renewals have been made. 

Many owners are now docking at more frequent intervals, and a very distinct improvement in the 
condition of the bottom rivets in these vessels is shewn. 

The ordinary cleaning job will not remove the dirt from the point of a partly pitted rivet, and the 
owner : yet to be met who is prepared to pay the additional cost of dry-docking and cleaning for a perfect 

aint job. 
, Several British built vessels trading between shoal water Mexican ports were dry-docked once in 
twelve months, and came to this district for their annual inspection. Many of the plates were found so 
badly grooved with rubbing the bottom that they had to be renewed, and in one case the whole of the 
keel strake and several plates in “A” and “B” strakes were renewed. None of the iron rivets in these 
vessels, though bare of paint, were found to be badly corroded. 


Where thousands of bottom rivets are found to be honeycombed, the cause would appear to be the 
composition of the rivet and electro-chemical action rather than inferior workmanship or over-heating. 
The use of the iron rivet would eliminate most of our bottom rivet trouble in vessels trading to shoal 
water ports. 

The author quotes experiments made with German and British steel taken from the “ Leviathan ” 
after five years between dry-docking. I would suggest that the skeg of steel riveted on for the otter gear 
had received no special treatment, whereas the shell plating would be specially treated and coated. Had 
the samples been submerged over the same period without any preservative coating, I am of the opinion 
that the German steel would have shown as much corrosion as the British. 


Dr. A. PickWoORTH. 


I have read Mr, Bennett’s paper with the greatest interest. 

In my own experience, and that of colleagues with whom I have discussed this paper, no cases of 
such widespread and serious corrosion of rivet points have been met with, and the most striking feature 
in connection with it is that the trouble appears to be confined to vessels riveted with steel rivets and 
built and operated in America. This conclusion is strengthened by the author’s statements under the 
heading * An Interesting Case,” on page 3. 

Here we find that, after the question had been examined from the electrolytic standpoint the 
offending steel rivets were remoyed, and iron rivets which were then fitted “remained in perfectly good 
condition.” 

It is recognised that the several parts of a structure—ey., rivets and plates—should have no 
difference of electrical potential, but as this condition cannot be realised in practice the obvious step is 
to make, in some cases, the more easily renewable portions electro-positive—as in the case of zine strips 
in way of bronze propellers—or, in the case of rivets and plates, to arrange for the plates to be electro- 
positive, so that the resulting corrosion may take place over the larger area of the plate rather than over 
the smaller area of exposed rivet points with correspondingly less intense and localised wastage. It might 
be suggested, in view of this, that steel rivets in plates of the same quality steel would form an ideal 
arrangement, and yet the example cited by Mr. Bennett shows that such is not the case. 

An explanation of this can be found in my paper en ‘ Corrosion” (1923). It has to be remembered 
that strained material is generally electro-positive (anodic) to unstrained material, and that the work 
done in hammering up a rivet and, in addition, the strain due to its restricted contraction on cooling, 
render it more anodic (see Fig. 8 in above paper). If, therefore, it be a steel rivet originally of the same 
potential as the steel plate it will finally become electro-positive to it. On the other hand an iron rivet 
haying a lower electrical-potential will, on account of strain, be made more electro-positive (anodic), thus 
diminishing the potential difference and, probably, in some instances, resulting in equality of the 
potential. 

Obviously, therefore, it is wise to use iron in preference to steel for rivets in order to allow for the 
inevitable increase in electro-positive character due to hammering up the point. 

In view of this aspect of the question it is somewhat unfortunate that Mr. Bennett did not arrange 
his electrolytic tests to include comparisons between (1) hammered steel rivets and steel plates ; and (2) 
hammered iron rivets and steel plates so as to approximate to actual working conditions, and for the 
same reason, sea water instead of sodium chloride solution might have been used advantageously as the 
electrolyte. 

For the purpose of this discussion I have carried out tests with samples of iron and steel rods, 
arranged in pairs, as in a simple cell, and immersed in sea water taken off Hartlepool. 

A sensitive galvanometer of the moving coil type was used to detect the current set up and its 
direction. 

The results confirm those given by the author, and in addition hammered steel rod was found to be 
electro positive to unstrained steel rod and hammered iron electro positive to unstrained iron but electro 
negative to unstrained steel, 

These experiments, it will be noticed, support the views expressed above. 

A few words may, perhaps, be usefully said in regard to the author’s “analysis of Tests.” It is 
stated that the tests were made “to determine the difference of electrical potential generated by the 
various metallic couples,” and presumably as actual voltages are given, the potentiometer and other 
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apparatus was arranged to measure the respective potential differences of the various specimens. To do 
this it would be necessary to measure the E. M. F. on open circuit so that the cells whose E. M. F.’s 
were being compared were not giving out current during the actual measurement, and for this purpose 
the potentiometer can be well adapted. If measurements were taken in this manner the variations in 
size, shape and surface condition which the author suggests might influence the results could not, in my 
opinion, do so (provided the surface condition was not due to oxidation, in which case the potential of the 
oxide would be measured) as the E. M. F. of a cell is governed only by the materials composing the 
electrodes and the electrolyte, and is independent of its size or the size of one or both of the electrodes. 

Further on in the Paper reference is made to a reversal of the direction of the current and to the 
“voltage” becoming less as the distance between the elements was increased. These statements suggest 
that the test was not made on open circuit, for (1) the reversal of current would probably be due to 
polarisation caused by the accumulation of hydrogen on the electro negative plate which would reduce 
the e‘Tective area of the plate, increase internal resistance and set up a counter electromotive force, and 
(2) the fact of the reading becoming less would be due to increased internal resistance as the distance 
between the elements was increased, and none of these factors could operate unless the cells were on 
closed circuit, i.e., with a current passing. 

It would be interesting if Mr. Bennett would be good enough to describe exactly how the apparatus 
was set up and the measurements were made. Such information would increase the value of the data 
given. : 

Although accurate values of potential differences are useful it has to be noted that the true factor 
responsible for the amount of solution of the anode, or in other words for the wasting of the electro 
positive element is the quantity of electricity passing measured in coulombs,* and not the potential 
diiference or pressure measured in volts, although of course the latter enables us to predict what current 
is likely to flow in a given circuit. 

As the number of amperes of current flowing through a circuit is equal to the number of volts of 
electromotive force divided by the number of ohms of resistance, it is clear that although the variations 
of shape, size and surface condition mentioned by the author in connexion with his tests cannot affect the 
voltage of the respective couples, they can have a great influence on the resistance in a circuit, and hence 
on the rate of flow measured in amperes which is the dominant factor in electrolytic corrosion problems. 

Under the heading “ Rivet material,” page 9, the author refers to the slag which is present in iron 
rivets. It may be of interest to recall that certain investigators have suggested that the presence of slag 
in iron renders it less corrodinle. he Delhi Column is frequently alluded to in connexion with 
corrosion problems. It was built up of welded wrought iron discs, was erected about 319 4.p., and after 
over 1600 years exposure is in perfect preservation. Dr. Friend states that Carulla suggested that the 
reason for ancient iron being apparently incorrodible was that stone anvils were used, and some particles 
of slag had got into the iron, giving it a siliceous coating. Purity of atmosphere and other reasons 
which have been advanced are undoubtedly largely responsible for the excellent preservation of these 
ancient specimens, but in the case of rivets now under discussion it could be shewn that an inclusion of 
slag would increase the electrical resistance of the rivet material and so decrease the current strength ina 
circuit having the rivet as an electrode. 

Mr. Bennett refers to the impurities in steel, but I do not think he really doubts that they increase 
the corrosive tendency as on page 12 he states “ If, however, the metal is not uniform, either chemically 
or physically continuous corrosion will result: immediately.” He also quotes the owner's opinion “ E - 
which reads “ As a remedy we would suggest that rivet steel be required to conform to specified chemical 
tests in addition to the present physical tests.” 

The photographs which illustrate the paper add greatly to its interest and value, but one cannot 
avoid noticing the large number of rivets which have been caulked. I have surveyed, during 
construction, ordinary vessels and oil tankers in which practically no shell rivets were caulked. It may 
not always be possible to avoid some caulking, but Mr. Bennett rightly draws attention, on page 10, to 
the fact of too much rough caulking being done. The additional cold working on the rivet point is 
bound to render it more anodic and more liable to corrode, and when the caulking takes the form of what 
the author aptly describes as a niche around the rivet point, the caulker has done all he possibly could 
to enable and ‘encourage corrosion to undermine the rivet point, and to cause wasting and ultimate 


* A coulomb is the quantity of electricity conveyed by a current of one ampere in one second, Also defined as 
the quantity of electricity required to deposit a definite amount of an element, e.g, 11 18 milligrammes of silver. 
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slackness. Some years ago I found it necessary to insist in some establishments that only a plain punch, 
or what one might term a fuller, should be used to set any irregularity in a rivet’s point into the 
countersunk hole. 

I can confirm the statements made under the heading of “ Pitting,” more especially in the case of 
corrosion of outside strakes of bottom plating inside oil tanks. It has been my practice to recommend 
the use of a covering of Portland cement mortar to protect such parts, and I am firmly convinced it is the 
only remedy which has proved successful. Unlike varnishes and enamels, it can be made to adhere to 
the steel work when properly applied, and is not deteriorated by contact with mineral oil. This statement 
has been questioned, and in order to convince those who are in doubt I have carried out a large number 
of tests on various grades of cement mortars, the test pieces being immersed in oil for 214 days, and in 
some instances in oil and water alternately. In no case, when the test pieces were broken in a standard 
testing machine, did the fracture show any sign of appreciable penetration of the oil or disintegration 
and in nearly all the tests the usual increase of tensile strength was recorded. 

With reference to the influence of copper content on the corrosive properties of steel, alluded to by 
Mr. Bennett, the work of several well-known investigators shows that no advantage is to be gained by 
using such material for ship construction. 

Dr, Cushman has found a tendency to resist corrosion in such steels exposed to atmospheric corrosion 
in an acid atmosphere, but in connection with influences to which ships’ structures are subjected, I cannot, 
do better than quote Sir Robert Hadfield, who states that “ Dr. Cushman has over a thousand immersion 
tests under his observation at the present time (1922). He (Dr. Cushman) states that so far he has not 
found in a single case that the copper in the steel has exerted any protective influence, in fact, under 
certain conditions, namely, under tests by sodium chloride solutions, the results of which are presumed to 
be similar to those produced by sea-water attack, he has found rather the reverse.” This tends to 
confirm Sir Robert Hadfield’s own tests. 

Our daily work provides unique opportunities for the observation of interesting phenomena in 
connection with corrosion problems. Mr. Bennett is to be congratulated on the manner in which he has 
ie advantage of such opportunities, and for placing his work on record, and I desire to thank him for 
Lis paper. 


Mr. A. Scorr. 


I am sure that all the members of the Staff Association will be grateful to Mr. Bennett for his 
paper on the wastage and corrosion of shell rivets and plates, and this will, I think, apply parti- 
cularly to the members stationed in American ports. 

The extent of this wastage of plates, and more particularly of rivets, has reached a very serious 
stage during the last few years, and a discussion on the subject will be welcomed by the surveyors who 
are called upon to deal personally with such cases. 

In considering the question of corrosion of plates and rivets, the conditions existing on the great 
lakes of North America should be kept in mind. All kinds of vessels ply on these lakes, always in 
fresh water. They vary in size from the very smallest to 600 feet in length. It is seldom indeed’ that 
the owners dock their vessels for painting purposes, and unless docked on account of damage, the hulls are 
not painted. No corrosion, either of plates or rivets, takes place on these fresh-water lakes, and as other 
conditions are equal, it follows that salt water is the all-important factor. 

Mr. Bennett’s remarks might be taken to infer that the w astage in shell plating occurs in American 
steel only, but I do not think he means to convey this impression. The tendency of all ship steel to 
deteriorate in contact with salt water was the prime reason for the introduction of anti-corrosive paint. 

Two first class passenger vessels, built on the Clyde in recent years, came under my notice in dry 
dock at six, twelve and eighteen months after being built, and a moderate amount of corrosion was 
noticed in the run aft to the twin propellers. 

These vessels anchored in open harbours, and were compelled by circumstances to use their engines 
as soon as the anchors left the ground, with the result that the cables ranged considerably on the bows. 
Corrosion was observed on the under-water surfaces in diagonal lines corresponding with the ranging of 
the cables. In each case, where the coating had been removed, a black deposit had formed on the 


exposed plating, and on removal of this deposit the surface was found to be severely corroded and of a 
silvery white appearance. 
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A steel sailing ship, built in 1901 at Glasgow, and whose class had lapsed in 1909, was docked in 
Vancouver in 1924. This vessel had remained in South American waters throughout the period of the 
war, and had not been dry-docked for at least nine years. The under-water bottom was found to be 
covered with shell growth, devoid of paint, and on removal of the shell, many thousands of pit holes were 
found in the shell plating. 

The above cases are mentioned to show that British steel is not immune from the wastage which 
has become common in American steel, and although the latter is probably more susceptible to corrosion, 
the most important cases appear to be associated with a lack of paint. 

I have observed many cases of pitting on shell plating immediately abaft the plate butts. This 
pitting usually extends for the full width of the plate, and seems to indicate that the process of corrosion 
is assisted in the comparative shelter of the butt. 

The wastage of rivets is a much more serious matter, as each defective rivet must be considered a 
doubtful unit. The use of iron rivets instead of steel rivets in new vessels would be beneficial, and 
should, I think, be strongly recommended, even at the added expense of importing the rivets. 

In the main, the severe conditions appear to be confined to the tankers operating on the American 
coast. It is well known that these oil tankers trade in shallow waters, and the Plimsoll mark on an 
American ship on coastwise service is used as a guide and not as a limit. 

Vessels of similar construction, operating in deep waters, do not have the same difficulty, so that the 
nature of the cargo can hardly be held responsible. 

In regularly dragging over shallows, the rivet points are scrubbed clean and invite corrosive action. 
If one desired to promote rapid action of this kind, the first step would be to ensure clean metallic 
surfaces or terminals. 

I hope that the chemical research now commenced will be continued, with the object of eliminating 
the tendency of steel plates, and particularly rivets, to corrode in salt water. It would hardly be prudent 
for a classification society to insist upon certain physical tests and at the same time to dictate to the 
steelmaker what his chemical analysis must be. Such a procedure would tend to stifle research 
and improvement on the part of the steelmaker and throw the whole responsibility upon the classification 
society. 

In the meantime, however, the ships are with us, and the problem of extraordinary wastage of 
plates and rivets has to be dealt with. 

I am confident that if the owners will spend the necessary time in dry dock to thoroughly clean 
and paint their vessels at regular intervals, and at the same time keep the load line within the proper 
limits of the ports to which they trade, the corrosion of plates and rivets will be very largely diminished. 


Mr. H. THomson. 


The subject of rivet corrosion raised by Mr. Bennett is a very important one from the Society's 
point of view as an owner usually depends entirely on such an institution for expert assistance on the 
question of the quality of material for plates and rivets, and has a decided grievance when called on to 
foot a heavy bill for renewal of rivets often in a comparatively new ship. 

The question of painting the vessel’s bottom frequently seems beyond doubt to have an important 
bearing on the matter, and in Scandinavia it is found that most of the trouble occurs at the forward end 
and it is believed that this is due to the paint being scraped off by the ice and a prolonged period ensuing 
before the vessel is docked. 

In too many cases also vessels are docked in the winter and the paint is applied during severe cold 
on What is really a film of ice. This is caused, of course, by the seasonal nature of the trade but such 
painting is to a great extent a waste of money. 

A number of cases have recently occurred here of rivet heads corroding in tanks where diesel oil and 
water ballast are carried alternately and many thousands of rivets have been renewed. 

The burning out of rivets is probably one reason for the corrosion of rivet points and it is now the 
practice in Sweden only to allow the rivets to be burned out when the plates are to be renewed otherwise 
they must be bored out. 

Mr. Bennett also refers to the caulking of rivet points and everyone is agreed that this is a practice 
which should be put down with a heavy hand. Unfortunately it is much easier to lay down a rule to 
this effect than to have it carried out. 
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MEETING OF THE STAFF ASSOCIATION OF LLOYD’S REGISTER HELD IN THE 
SOCIETY’S OFFICE AT GLASGOW. 


Dr. G. W. WEBSTER IN THE CHAIR. 


Mr. A, CAMPBELL. 


It is generally recognised that a small amount of copper in a steel plate which is exposed to 
atmospheric conditions, enables that plate to resist corrosion better than a similar plate without a copper 
content, and it is thought by some authorities that this also applies to plates exposed to the action of sea 
water. 

In the case of steel rivets, the conditions are somewhat altered. The copper content causes red- 
shortness, and when heated and hammered, the structure of the metal may be broken up and more liable 
to corrosive influence, 

It is also well known that there is an electrolytic action between plates of dissimilar metals when 
immersed in sea water which may account for some corrosion in one of the plates. 

Dealing with the actual facts in regard to the vessels mentioned, I have no doubt that a considerable 
amount of corrosion on the bottom is caused by these vessels moving up shallow rivers or creeks, getting 
the protective paint scrubbed off, and the bare metal subjected to the-action of chemicals, etc. 

I should strongly advocate the use of iron rivets for shell riveting, as is the general practice in the 
shipbuilding yards of the U.K. In comparison with steel rivets, the iron rivets will stand heating to a 
higher temperature without being burnt, they will stand more work being performed on them by the 
hammers without becoming brittle and iron resists corrosion better than steel. 

If it is decided to substitute iron rivets for steel, care will require to be exercised to see that a 
careless firm does not supply a very low carbon steel instead of iron owing to the price being much less. 

With regard to the figures shewn, they seem to be photographs taken from the forward or after ends 
of the vessel; the corrosion on these plates and rivets is probably caused by stress; the flat surface in 
way of the peaks may be panting; drawing and stressing the rivets and opening out the grain structure 
of the metal plates makes them more liable to corrosion and in some cases, fractures; the only cure is 
to have additional stiffening fitted so as to prevent panting. 

With regard to the painting of the bottom shell plating, Iam not in favour of applying the paint 
by compressed air sprayers, as this method leaves an irregular surface which appears to wear or drop off 
sooner than the paint applied by a brush. 


Mr. L. C. Davis. 


Mr. Bennett is to be congratulated in having tabulated so comprehensive an addition to the available 
data respecting the important subject of corrosion. 

Considering the abundant evidence that corrosion of metals is bound up with the subject of electro- 
lytic action, it is surprising that those whom it most intimately concerns should be so sceptical of the fact. 
Electrolytic action is generally accepted as being a contributory cause of corrosion, but, in the writer’s 
opinion, the conditions which are considered favourable for corrosion, represent causes of electrolytic 
action in the first instance. The nascent oxygen liberated from the electrolyte at the anode readily 
combines with any adjacent oxidisable material, and the secondary result is the effect we call corrosion. 

A simple tin can will rust if it remains wet for any length of time, but few would credit the 
wasting of so humble a subject being associated with electrolysis, yet if the same can had been, even 
imperfectly, covered with zinc instead of tin it would not have rusted under the same conditions. The 
explanation, of course, is that whilst the structural material of the can is electro positive to tin, it is 
electro negative to zine. 

Dr. Pickworth in his paper on “ Corrosion” before this Association in 1923, shews that portions of 
one piece of metal can be made anodic to the surrounding parts of the same piece of material in a variety 
of ways—chiefly associated with stress, the effects of cold bending, punching and hammering all upsetting 
the normal structure and rendering it anodic to the rest. These facts should be borne in mind in 
carrying out such experiments as Mr. Bennett describes on page 5 of his paper. The results obtained 
from chippings of the shell plate mentioned would be quite unreliable. The specimens should have 
been sawn or trepanned. 
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An opposite mistake was probably made in regard to the rivets, the rivet material before being 
driven might have been relatively near that of the plate in electro activity but after being hammered, 
particularly by the harassing taps of a pneumatic riveter, this property is greatly increased, especially at 
the point, and a reliable test can therefore only be made by using a portion of unstressed plate and a 
hammered rivet point, sawn off from the shank. 

In the case in point either one, or more particularly both, of these errors would have resulted in 
reversing the direction of the current had the original or normal differences of potential not been so great. 
In the circumstances it merely modified the reading. 

A few simple experiments to ascertain if there were any marked difference in potential between the 
several materials to be used, would often save energetic electro couples being formed; but to be of any 
use the samples selected must be subjected to the same treatment that the material is to receive in the 
process of construction. 


Mr. A. DatRympLe AITKEN. 


Mr. Benneit’s Paper is particularly interesting to me as I have had to deal with early corrosion in 
new vessels, 

His notes chiefly concern oil tankers trading from tropical ports, and it occurs to me that the tem- 
perature and nature of the water in which the vessels load, together with the film of oil which may be 
round the vessel when loading owing to leakage from shore pipe-lines, ete., may contribute to the pitting 
we wind and water strakes, especially where the paint has blistered or been scraped off the vessel’s 
sides. 

I have had no actual experience of the above, but sometime ago when engaged in a sub-tropical 
district I had a practically new vessel in drydock, and noted that the wind and water strakes and topsides 
were badly pitted, the edges and butts serrated, and the rivet points wasted and honeycombed ina similar 
manner to that shown on Fig. 10. The vessel was engaged in the coastal trade and made one voyage of 
about ten days duration every month, the remainder of the time she lay at anchor in open water exposed 
to warm, moist, sal laden winds which blew spray in all directions. She was dry-docked about every six 
mouths and coated in the usual way but the topsides, which were painted white, did not receive the same 
attention. I'he water in which she was anchored was not polluted in any way, and the underwater part 
of the hull shewed no sign of corrosion. Small steel tug boats which plied in the bay at intervals were 
similarly affected, and iron and steel piers, moles, buoys, etc., were badly wasted above the low water 
mark, and similar structures on land very quickly deteriorated. I had one vessel in which a shell 
doubling plate was almost corroded through in four years. 


Mr. L. Rreuey. 


I wish first of all to say how much I have appreciated the paper by Mr. Bennett. 

Notwithstanding the large amount of patient research extending over many years and the consequent 
advancement of new theories, the investigation of problems concerning corrosion remains one of the most 
difficult and thankless tasks confronting the metallurgist. 

The most generally accepted theory regarding the relative non-corrodibility of wrought iron and steel 
appears to be that the former is, in all circumstances, the less corrodible material. Generalisations 
of this kind are, however, highly dangerous. 

Every single corrosion problem requires to be dealt with on its merits, and it is not possible to 
answer the question as to whether wrought iron and steel is best fitted for a particular job in the absence 
of information as to the type of corrosion the material is required to resist. The problem is still further 
complicated by the numerous varieties of iron and steel available. 

Amongst the number of interesting cases reviewed by the author, that, pages 8 to 5, relating to the 
wastage and corrosion of a large number of steel rivets after only ten months’ service claims attention. 
Regarding the materials connected with the case, it will be seen that chemical analysis fails to reveal 
anything abnormal. So far as electrolytic action is involved, the combination of iron rivets and steel 
plates might well have been expected to yield less satisfactory results than an all steel combination. 

Regarding the supposed influence of copper in retarding corrosive action, the whole question, as the 
author points out, is highly controversial. My own view is that, so far as atmospheric corrosion is 
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concerned, steels containing traces of copper are in a slightly favourable position. When, however, sea 
water attack is concerned, the weight of evidence available tends to show that no protective influence is 
exerted by that element. 

The case of the ‘ Leviathan” is a most interesting one. 

With regard to the German material used in the construction of the ship, I agree with the author 
that the analyses indicate—except for the rather high sulphur and copper contents—ordinary steels. The 
occurrence of the latter element would probably be accounted for by its presence in the ores rather than 
by any furnace addition. 

The results of mechanical tests taken from steel “B” are somewhat perplexing. The figures 
obtained from the small turned samples of this steel indicate something rather more than mere surface 
decarburization. Micrographic evidence on this point would be valuable. 

The author considers that the material, having regard to the carbon content, showed a higher 
ultimate strength than was to be expected in a plate of the thickness quoted. In this connection, it will 
be a that the fairly high manganese content exerts some influence. 

egarding the British steel fitted to carry the “ Otter” gear, which was subsequently found to be 
badly corroded, so far as chemical analysis tak mechanical tests are concerned, one would be justified in 
pronouncing the material eminently suitable for the purpose. 

The author suggests two possible reasons to account for the marked difference in behaviour under 
corrosive influences of the two steels. I consider we may almost with certainty ignore the question of 
copper content. The British steel contained 099 per cent. Cu as against only *13£ per cent, Cu in the 
German “ B” steel. 

The second suggested possible reason that the Germam steel resisted corrosion more satisfactorily 
because of its well marked “ banded” structure is, in my view, hardly a feasible one. 

The “banded” structure is surely the one almost invariably encountered in the microscopic 
examination of longitudinal sections from mild steel plates receiving no heat treatment. 

While it is the case that with a rolled or forged material the tendency is for the constituents, in the 
present instance Ferrite and Pearlite, to be distributed as “bands” in the direction of rolling or forging, 
it should be observed that these are not continuous. The real nature of these “bands” is best understood 
by a study of transverse sections. Although I am not convinced that the matter is of fundamental 
importance where corrosion is involved, my preference—for various reasons—would be for a structure 
without “banding,” and I fail to see where a ‘“ banded” structure offers any advantages in the direction 
suggested by the author. It would be interesting to hear if in the case of the ‘* Leviathan” the question 
of mechanical ‘erosion’? has been considered. Was the British steel fitted to the ships structure in a 
less favourable position from the point of view of exposure to rapidly moving water ? 

The whole subject bristles with difficulties and the author is on good ground when, in summing up, 
he states that the troubles encountered are in all probability due to a combination of causes. 

The projected series of tests mentioned in the concluding paragraph of the paper promise to furnish 
information of great value, and the results will be looked forward to with great interest. 


Dr. G. W. Wesster. 


Mr. Bennett deals with a subject which is of great importance, and he produces a large amount of 
very useful information to emphasize the serious nature of the problem. As he rightly points out on 
page 3, inefficient cleaning and painting when in dry dock is one of the most serious causes of corrosion, 
and I agree that the pneumatic hammer, if carelessly used, may have a damaging effect on the rivet and 
might initiate corrosion, but 1 have not heard of the wireless outfit being associated with the corrosion of 
the hull, although it seems by no means impossible. 

In the particular cases which the author quotes, the points of the steel rivets only were eaten away 
and not the plate, and suspicion falls on electrolytic action between the rivet and the surrounding 
structure. The results shown in Table 5 where the introduction of iron rivets instead of steel reverses 
the direction of flow of the current (Tests B & G) in association with the fact that in this country where 
iron rivets are almost universally employed, no serious trouble has been experienced seems to bear out the 
suspicion. 

An interesting point brought out in the paper is the benefit from a corrosive point of view, which a 
small quantity of copper in steel appears to have. 
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On page 9 the author gives the chemical analysis of iron rivets, and below he gives the average 
analysis of steel, but there does not appear to be a great deal of difference. The carbon content is 
practically the same in each case, for steel -10 per cent. seems rather low, the only real difference being in 
the presence of slag in the iron. 

On page 8 reference is made to the “ very marked banded structure” of the ‘ Leviathan’s” plates. 
I will be glad if the author will explain this reference more fully. 


REPLY BY THE AUTHOR. 


That the subject dealt with in this paper is of wide practical interest, is evident by the free and 
comprehensive nature of the remarks, which compensates me for the work entailed in preparing the basis 
for this discussion. 

The subject is undoubtedly a very elusive one, as is evident to those who have had experience of the 
phenomenon. Several of the remarks indicate an attempt to fix the basic cause of the trouble in one 
particular direction ; or as my Belfast colleague aptly puts it, “to find the nigger in the woodpile.” In 
my opinion there are several niggers in the woodpile, and each or al] of them is capable of creating quite 
a lot of mischief. 

Before endeavouring to make a suitable reply to the specific questions raised, I may be allowed to 
add a few general notes. 

The examples given on pages 1, 2 and 3 are all classed vessels, and while those quoted are with two 
exceptions oil-tankers, freighters are not altogether exempt, although generally speaking, to a less severe 
extent. The examples given are only typical of many more cases which have been under observation. 
Since completion of the paper several more cases have come to my notice, one of which, an oil-tanker of 
about 10,000 gross tons, has had about 113,000 rivets cut out and renewed. In this case the owners’ 
superintendent has specified iron rivets to be used in some of the renewed work. 

I might state in this connection that the use of iron rivets is engaging the earnest attention of 
owners in America, in both new and repaired work, and information on the experience in this respect may 
be expected later. Two vessels now under repair at New York for corrosion of bottom rivets are having 
approximately 100,000 and 150,000 rivets renewed respectively with iron rivets. 

The vessel, the particulars of test on which are given on pages 3, 4 and 5, is a freighter, not an oil- 
tanker, and is the most pronounced case of wasted rivet points that I have seen. She has been in 
dry dock again, this being the second dry-docking since the iron rivets were driven, and no evidence of 
corroded rivet points was observed. 

Regarding Mr. Gardiner’s reference to the carbon content in shell plates, I might state some 
carefully selected plates and rivets for immersion tests were recently analysed by the Bureau of Standards, 
Washington, D.C., with the following results :— 
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I am glad both Messrs. Watt & Blocksidge have drawn attention to the question of overloading as a 
possible cause. It is certainly a phase of the subject worthy of careful study, especially at the present 
time when the question of allowing tankers to load to a deeper loadline is being considered inter- 
nationally. Every condition of deep loading or heavy weather which puts an undue stress on the rivets 
increases the initial tendency to corrosion, and is a factor to be carefully considered. I had intended to 
discuss this aspect in the paper, but for certain reasons it was thought better to omit it. I feel sure, 
however, that the overloading of tankers is not the principal cause, inasmuch as many of the larger 
tankers that trade to California consistently overload, and do not show as bad condition as those which 
scrape the bottom at the Gulf ports. 
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The experiments of Braithwaite, quoted by Mr. Watt, carried out twenty years ago, on the 
electrolytic action between two samples cut from the same steel plate are interesting, but without some 
particulars as to the analyses and the parts of the plate the samples were taken from, the data is not of 
very much value. For example, samples taken from the middle and from the end of a large plate can 
show quite an appreciable difference. In particular, considerable variation in analyses may be obtained 
from samples taken from the upper central portion of an ingot and those taken lower down. In the 
upper centre the carbon, phosphorus and sulphur, are higher than in the lower sections. 

I agree with Mr. Watt, that a steel rivet is superior to an iron rivet when given treatment suitable 
to the material, but the difficulty of ensuring thisin the case of a steel rivet is enough, in my opinion, 
to justify its being discarded in any bottom riveting of vessels where the corrosive tendency, for certain 
reasons, may be present in exaggerated form. Mr. Watt states that a low carbon rivet is more readily 
burnt than a high carbon one. This is not the case in my experience, and does not seem to be justified 
from a metallurgical standpoint. The freezing temperatures of varying carbon content steels taken from 
diagrams made by Leon Guillet, a prominent French Metallurgist, are as follows : 


Freezing temperatures. 
Wrought Tron aa aC e wae ad ae 2700°F. 


‘20 Carbon Steel... rie a re a Jes 2687°F. 
“40 Carbon Steel... a eh sei Ay - 2651°R, 
1% Carbon Steel... FS — ae ats i 2426°F. 
Cast Iron (Carbon 4%) +r ye 4, Se ee 2138°F. 


The melting points are approximately 200 degrees above these in each case. It will be seen that 
the lower the carbon-content, the higher is the melting point. Hence, if two rivets, one having a lower 
carbon content than the other, are overheated, the one having the higher carbon content will approach 
nearer its melting temperature than the other. ‘The same remark applies more specifically to the 
comparative cases of iron and steel rivets. Iron rivets are more fool-proof to overheating than steel 
rivets. Further, being softer, they do not require to be heated to as high a temperature as steel rivets 
It is usually stated that rivets should be heated to a “cherry-red”. That is good practice in the case of 
an iron rivet, but a steel rivet to be efficiently closed up, requires to be heated to a “light cherry-red,” 
almost a white heat, which is probably at least 200 degrees higher. 

IT am also in agreement with Mr. Ward that no useful inference can be drawn from the use of steel 
rivets in British and other naval vessels, as they are not subject to the same rigorous conditions as cargo 
vessels, either in service or maintenance. 

Mr. Leathard’s remarks are interesting in showing that the phase of the trouble found in the 
United Kingdom is internal pitting of the shell rather than external wastage of rivet points. This is 
borne out too by Mr. Ives’ statements, that whereas the wastage on shell rivet points is found to be more 
serious in vessels built in the U.S.A., internal shell corrosion is less prevalent in U.S.A. ships than in 
those of other countries. This point had also occurred to me, although I had not sufficient data at hand 
to corroborate any statement of facts, but I am indebted to Mr. Ives for making it clear. 

Mr. W. Thomson points to the reversed conditions in tests “B” and “D.” This is probably due to the 
difference in the chemical composition of plates (1) and (3). 

I have not been fortunate in tracing the trouble to indifferent squads of riveters, as suggested by 
Mr. Brown. With the large amount of fabrication done in American shipyards, the “floating” nature of 
shipyard labour, the plethora of labour-saving devices, and the somewhat rapid assembling and rivetting, 
one would require more than the usual amount of American hustle, in which the writer considers be is 
now fairly proficient, to foilow any particular body of riveters from start to finish. 

With Mr. Wm. Butler’s theory I am afraid 1 cannot agree, much as I would like to. I think he 
must have seen something else in the central segregation which he assumed to be copper. If one stops to 
consider *15 per cent. copper content, it is difficult to picture how this comparatively negligible percentage 
could possibly cover such a large area in the rivet. Large tonnages of copper-bearing steel are made in 
the U.S.A., containing *20 to *30 per cent. copper. This steel is melted at the same temperature as other 
grades of steel having the same carbon content, but without copper, and the rolling temperature of both 
are the same —2200 to 2300° F. If Mr. Butler’s theory of eutectoid mixture is correct, the steel would 
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melt at temperatures above 1050° C. (1922° F.), which is not the case in practice, In the manufacture of 
copper content steel the copper alloys perfectly with the iron, and would require a temperature of 2600 
to 2700° F. to cause any possible separation of copper and iron, This is a temperature well above that 
to which rivets are heated or even overheated. 

In reply to Mr. Cowie, the vessel mentioned on pages 3, 4 and 5, was built at Newcastle nearly 
twenty years ago, and he can therefore realize that the original coating could not have been applied with 
a paint gun. His theory as to the “Leviathan’s” corroded British plate, is probably the true 
explanation. 

Mr. Dodd’s suggestion of using iron rivets in bottom renewals has already been carried ont in a few 
cases, the condition of which will be carefully noted from time to time. The Norwegian steamer 
mentioned probably had steel rivets, as I understand steel rivets are used in that country. 

Mr, Hastie’s reference to the (mass) size and surface conditions of the specimens, as being 
influencing factors, is answered by Dr. Pickworth who has explained that these variables do not influence 
the E.M.F. but do affect the rate of flow measured in amperes. This opinion, I understand, is also borne 
out by many recognized authorities. 

Mr. Jackson refers to the difference in temperature inside and outside the tanks of some oil-tankers. 
I know of many cases where this difference is about 100° F. For example, a tanker may leave the Gulf, 
let us say in winter, loaded with oil for Bayonne, N.J. Prior to arrival, her cargo is heated to about 
130° or 135° F., whereas the sea water may be practically freezing. I am of opinion, however, that this 
is not a primary cause, inasmuch as the film of oil near the shell is always cold, so that the temperature 
of the shell plates and rivets does nor vary materially. 

Regarding the last paragraph of Mr. Millar’s remarks, I might state that the riveted specimens 
recently prepared for immersion tests at three stations, were all pneumatically riveted, as being in keeping 
with general shipyard practice in the U.S.A. 

I was very glad to read Mr. Osbon’s remarks, and I think I am safe in saying he is more in touch 
with this particular phenomenon than any other surveyor in the States. His opinions are therefore 
worthy of special note. 

I am obliged to Dr. Pickworth for his constructive criticisms, and will attempt to answer the various 
points raised by him. Regarding the tests to determine the difference of potential, these were made on 
open circuit; that is, at the time of balance on the galvanometer (zero reading) no current was passing. 
The apparatus was set up as illustrated on the enclosed diagram. 


ae CROINARY ORY CHLL. 
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The potentiometer was a Leeds and Northrup Type “K”. The potentiometer slide wire contact was 
such that the resistance at any point was proportional to the length of the wire—the maximum reading 
being *2 volt. The measurements taken during the tests were made by means of this potentiometer, which 
drew no current from the electrodes. This was assured by the galvanometer showing zero when the 
readings were taken. In other words, the dry cell current produced a certain difference of potential, 
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determinable on the slide wire contact of the potentiometer, and this was balanced by the wet cell 
potential difference. The galvanometer was a Cambridge and Paul portable instrument. 

It is probably true that variations in size, shape and surface conditions could not influence the 
results, but I am hoping to make some further investigations on this soon. Regarding the change in 
the voltage, as the distance between the specimens was varied, and the reversal of current mentioned 
in connection with the tests, this was possibly due to local conditions within the electrolyte, but the fact 
that the readings were steady at the end of the ten minute periods, may, I think, be taken as indicative 
of reliable data for the purpose which we had in mind in these tests. The real object was to find 
whether the rivets were anodic or cathodic in respect to the plates, and the results have been substan- 
tiated, so far, in practice. 

Mr. Scott’s reference to the conditions as found in the Great Lakes is especially interesting, as these 
vessels scrub on the bottom of the Soo Locks and portions of the Detroit and St. Clair Rivers, and are 
only docked at very long intervals for recoating. No such riveting trouble has been found on these 
vessels, ‘This would seem to substantiate the electrolytic theory, inasmuch as fresh water is practically a 
non-conductor when considered as an electrolyte, whereas it is a well known fact that salt water is a good 
conductor. 

Mr. Campbell’s presumption that the photographs were taken from the fore end is correct, but this 
was done simply for convenience. The conditions of the rivet points elsewhere on the bottom and 
bilges were found of the same nature. 

Regarding the reference to the ‘ Leviathan’s” plates being of a very marked “banded” structure, the 
question is raised in several of the discussions as to the significance of this term. As the quotation was 
from a letter that I received from Professor Waterhouse, I have asked him to explain this term somewhat 
more fully, to which he now replies, ‘* By ‘banded’ structure I mean the presence of prominent planes or 
bands of low carbon material ‘ ferrite,’ which shows so plainly in the microstructure of the “ Leviathan’s ” 
steel plates. This is quite noticeable in some cases of low carbon steel.” 

For further information regarding the term “ Banded structure ” reference might be made to a recent 
paper entitled “On Ghost Lines and Banded Structure of Rolled and Forged Mild Steels,” by J. H. 
Whitely, read before the Iron and Steel Institute. 

After carefully considering the various criticisms I am still of the opinion that the primary cause of 
the trouble cannot be traced to any one factor, but is an accumulation of causes. If, however, the cause 
of the trouble is difficult to locate the suggested remedies are somewhat simpler. Iron rivets are 
preferable to steel, and might be recommended to be fitted in the bottom up to the upper edge of the 
bilge strake, in the case of vessels whose trade prevents the bottom coating remaining intact for any 
length of time. If steel rivets are preferred, it seems to me that these should be of comparatively low 
varbon content, but of a slightly higher copper content than the plates they connect so as to ensure the 
finished rivet being electro-negative to the plates. These vessels should be dry-docked at about six 
months intervals, at which time great care should be exercised in the cleaning and recoating. 

I cannot conclude without thanking the many members of the Staff Association for their kind 
reception of the paper, and the assistance which I have received in having the benefit of their opinions 
and experience. Particularly, [ wish to express my thanks to Mr. French for his willing cooperation, 
and to my colleagues at the various ports in America, where many of the repairs mentioned have been 
carried out. 


SOME TECHNICAL ASPECTS OF 
THE COMMERCIAL AIRSHIP. 


By B. N. WALLIS, B.Sc., 
of the Airship Guarantee Co., Ltd. 


ReaD 10TH Frsruary, 1926. 


For some years past signs have not been wanting that this Empire has reached a stage in its history 
when some more speedy means of linking up our colonies and dominions than those already in existence 
is required. Such a means is provided by the airship, and although the actual inauguration of transport 
services of the magnitude required to serve the purposes of the Empire must depend upon political influence 
and the good will of the great financial interests to which such services are vital, it is necessary to be able 
to offer to those in power a convincing argument that we are in a position to build airships of the capacity 
and performance required and that when built they will prove safe, efficient, and reliable before any 
experimental services can be put into operation, 

In a very general way therefore we may classify the technical aspects of the commercial airship under 
the headings of these primary essentials—safety, efliciency and reliability ; and in the pages which follow, 
this idea has been elaborated in an attempt to show the members of this great technical organisation, 
bound to have a controlling voice in the development of commercial aeronautics in the future, some of the 
possibilities of a method of transport which is at present in its infancy. 

To discuss the advantages of airship transport is not within the scope of this paper. The advantages 
of speedy intercommunication are obvious to all who have studied the political economy of a scattered 
Empire such as ours ; and the airship is now admitted to be the ideal vehicle for this purpose even by those 
who have devoted their interests to the development of its only rival-—the aeroplane. The great doubt 
which assails those unfamiliar with its past history and present development is that the airship can never 
be made a completely air-worthy vessel ; but to those who have rendered themselves familiar with the many 
perplexing problems connected with the evolution of lighter-than-air craft there appears no inherent 
weakness or fundamental reason why this type of conveyance should not be brought in the near future 
to compare in all essentials with, say the Trans-Atlantic liner of the present day. 

The adverse impression which appears to have been formed in the mind of the general public 
regarding the airship is probably due to a series of spectacular accidents, the effect of which has been 
exaggerated and listorted by an ill-informed and prejudiced section of the Press, and whilst no one has 
reason to regret such accidents more than those who have devoted their lives to this branch of engineering, 
it must be fairly stated that such accidents as have occurred in the past have been due to lack of knowledge 
on the part of those responsible for the design or operation of the ships, or to the fact that during the 
war ships were deliberately produced with factors of safety, such as would never for a moment be considered 
in practical engineering, in order that freak performances might be obtained under conditions of active 
service. It is impossible in the time at my disposal to make an exhaustive showing of the great advances 
made in recent years in our knowledge of aerodynamics and in the technique of airship design and 
operation; in many cases our difficulties and their solutions have been merely referred to in passing. 

The safe‘y of an airship must necessarily depend on many factors, but given reasonable skill on the 
part of pilot and crew, the three principal components are strength, speed and protection from fire. 
Efficiency may be said to depend upon load-carrying capacity, speed, small capital charges, and low operating 
costs; while reliability must depend upon some of the foregoing, together with the ability to work to 
regular time-tables in all states and conditions of the weather. 
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To insure adequate strength, it is necessary to have complete information of the loads and forces 
which are imposed upon an airship, while moored and in flight, and while our knowledge of the structure 
of the atmosphere must for some time remain somewhat indefinite, considerable evidence of the nature and 
intensity of atmospheric disturbances is now available. The loading to which an airship is subjected, may 
be broadly classified under two headings :— 


I.—GENERAL, sub-divided into 
1. Static Loads, 
2, Dynamic Loads ; 
and I1.—Locat Loans. 


Under static loads we consider the disposition of buoyancy and weight, with the consequent shear 
forces and bending moments at ground level, and at the maximum height to which the ship can rise under 
light conditions. As in the case of sea-borne vessels, the disposition of the bulkheads, or transverse frames, 
is of primary importance in this connection, for the analogy between the two classes of vessel is complete 
to the extent that the airship designer, in common with the naval architect, must make provision for the 
loss of buoyancy in one or two adjacent gas compartments. 

Typical examples of shear force and bending moment diagrams are shown in Figure I. The second 
series are drawn for gasbag deflated conditions, the method employed being to consider in detail the 
deflation of each bag in turn, with the accompanying discharge of ballast to restore the ship to an 
approximately even trim. An envelope of all the diagrams thus obtained is then constructed and this 
envelope is taken as the working diagram. (Fig. II.) 

This process is laborious but necessary, as the deflation of certain bags gives rise to exceptionally 
heavy forces and moments, which otherwise would remain unprovided for. ‘he whole series of calculations 
is repeated twice, once for ground and once for ceiling conditions ; for as might be expected, very con- 
siderable differences in the position and magnitude of the maxima are generally found to exist. 

The low resistance form which we have recently developed is the cause of a good deal of trouble in 
this respect, for with the optimum spacing of bulkheads from the structural point of view, the gas cells 
become of such great dimensions in the central region that the deflation of one only would lead to serious 
consequences. If the transverse bulkheads are spaced to give the most efficient structure it is found that 
the corresponding volume of each of the largest cells may amount to over 20 per cent. of the gross dis- 
placement of the vessel—a proportional loss which is almost too great to be compensated for by the 
discharge of ballast or even fuel oil, while the deflation of a second large bag would result in the certain 
loss of the ship. 

We have found therefore that the pitch of these frames is governed rather by practical than by 
theoretical considerations, and as a general rule it may be taken that frames should be so spaced that no 
bag or bags may have a greater volume than 10 or 12 per cent. of the gross displacement. Working to 
this rule the forces and moments set up by gas bag deflated conditions are of reasonable magnitude ; and 
although a certain increase of weight is inevitable owing to the larger number of frames required, yet the 
ultimate loss of efficiency is small, due to the saving effected on other parts by the reduction in the severity 
of gas bag deflated stresses. 

A further case of static loading of the general type that may be of importance under certain 
conditions is the loading set up by the end pressure of the gas in the cells, i.¢., pressure in an axial 
or longitudinal direction. The accompanying diagram (Fig. III.) shows the manner in which the 
resultant aerostatic pressure in a gas bag varies with head and the locus of centre of thrust in any 
transverse section. 

The resultant bending moment set up in the structure is given by :-— 


Mo =grrk 


where r is the semi-diameter of the bag and k a constant depending upon the relative densities of the 
contained gas and the atmosphere. With hydrogen at an average purity of ‘96 the value of k may 
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be taken as approximately -068 lbs. per ft®. This type of loading is favourable to the strength of the 
structure as tending to reduce compressive stress from which cause failure will generally occur, but 
unfortunately disappears in any given section just when it is most wanted, 7.e., on the deflation of a bag. 


in the case of static loading, but the principal loads with their causes and effects may be briefly set out. 
The original work of Mr. J. B. Temple, Wh. Sc., carried out in 1913 for the Vickers Company showed 
that a ship was subject to aerodynamic forces set up by the peculiar distribution of air pressures on the 
surface of the hull in curvilinear flight (Fig. IV.). It has now come to be recognised that pure rectilinear 
flight is unattainable in practice, although by suitable design of the stabilising and control surfaces and by 
reasonable skill on the part of the rudder and elevator coxswains, deviations from the mean flight path 
may be reduced to an insignificant amount. It is perhaps worth remarking, in a paper addressed to 
engineers so intimately concerned with sea-borne vessels, that the term stability when applied to the 
airship has come to refer principally to stability in pitch and yaw, a stable ship being one which will 


as, nor paralle] to the original. The diagram (Fig. V.) shows a general form of pressure distribution on a 
ship of modern shape in curvilinear flight. It will be noticed that the centripetal forces are concentrated 


rapidly with the dimensions and speed of the ship. 
It was the omission to make proper allowance for these all important forces which led to the 
“R. 38” disaster, as has been clearly shown in the report of tne Accidents Investigation Sub-Committee 


Tt is not possible to express concisely the magnitude of the shear force and bending moment set up 
in flight ; as for a complete solution it is necessary to know :— 


2. The air pressure distribution, occuring on a ship of the particular form. 
3. The radius of turning circle or angle of pitch which gives maximum aerodynamic loading. 

It should be noted that aerodynamic forces of the nature described may act about both vertical and 
horizontal axes, and may be positive or negative about either axis according to the manner of pitch or 
yaw, giving four separate cases which must. be investigated severally, together and in conjunction with the 
static loads previously described, 

A variation of this class of loading brought about by throwing helm or elevators hard over whilst 
the ship is on a steady curvilinear path gives rise to forces not exceeding greatly in magnitude those 
already discussed (Fig. VI.). An investigation of a particular case shows that the reversed helm effect 
does not exceed the original loading by more than 10 per cent. 

Further investigations by Temple & Norwayt show that of all conditions which the airship has to 
face in flight that of the vertical gust is the most severe, and in conjunction with the Meteorological 
Department of the Air Ministry considerable information on this point has been obtained. As a 
consequence of this work we are proceeding with the design of our latest ships on the basis that they 
shall possess a reasonable factor of safety when flying full speed into a sharply defined upward vertical 
gust moving with a velocity of 4,000 ft./min. The resultant sagging bending moment imposed on the 
hull structure is very great, but, due largely to our small fineness ratio, not outside the range of practical 
considerations (Fig. VIL). It is significant that the Court of Enquiry appointed by the U.S. Government 
to report upon the “SHENANDOAH” disaster has established the fact that this ship broke in sagging 
bending, under the influence of an upwards vertical gust of 15 metres'sec. (2,950 ft./min.). The evidence 
upon this point would probably be of such a nature as to leave no doubt about the matter, as rupture 
from any other cause would almost inevitably occur in hogging bending. , 

It now seems probable that a similar cause resulted in the mysterious loss of the German ship “L. 72,” 
flying under the French flag as the “ Dixmupr.” After two long endurance flights of 54 and 118 hours 
duration respectively, this ship left on the 18th December, 1923, for a third endurance flight over the 
Mediterranean, and was lost with all hands at sea during a violent storm on or about December 21<t. The 

*Vide REM 775—March, 1922, TN. S. Norway, B.A., Airship Guarantee Company. 
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French Commission appointed to enquire into her loss came to the conclusion that the destruction of the 
“DIxmMuDE” was due to lightning. This, however, could not be definitely ascertained, and in the light of 
our later knowledge we are strongly of the opinion that the ship failed structurally from the cause I have 
indicated and broke up in the air, as in the case of the “SHkENANDOAH.” She was designed by the 
Germans for flying only at great altitudes, her estimated ceiling being 26,400 feet, at which height the 
atmospheric density is only 43 per cent. of that at ground level; and this necessitated construction on a 
very light basis with low factors of safety, which rendered the ship totally unfit for extended cruises of a 
commercial nature. A very striking comparison may be made between the fineness of these vessels which 
have failed structurally, and the modern practice in this respect introduced by ourselves. 


TABLE I, 
Fine SuIPs. 
er ea > ae Rent 
R. 38 8:3 | British Government, | Broke in air during preliminary trials. Weak 
1918. structure due to omission of essential 
calculations. 
SHENANDOAH 87 American Govern- | Broke in air after considerable service due to 
(ZR. 1) ment, based on striking vertical gust. 
German designs, 1921. 
DIXMUDE 94 | Luftschiffbau-Zeppelin,) Broke in air while in French hands. Known 
(L. 72) 1918. to be designed for operation at great heights 


only. Probably struck vertical gust. 


Buurr SHIPs. 


R. 80 75 =| Vickers, 1917... ... | Deleted on reduction of Airship Services, 


BODENSEE 70 | L-Z,1919  ... ... | Most successful commercial vessel. Ultimately 
delivered to Italy as reparations. 


R. 100 5°38 | Airship Guarantee | Under construction. 
Company, 1924. 


It must be admitted that a fine ship is easier and cheaper to build than a bluff one, but provided that 
the constructional difficulties presented by the latter type can be successfully overcome there is little doubt 
that a far safer and more efficient ship is obtained. 

As far as loading is concerned, it only remains for us to deal with conditions which may exist when a 
ship is moored in the open. Here we have to deal with the effect of a variable and gusty wind setting up 
oscillations in the moored vessel. Once again the effects cannot be concisely expressed, as a solution 
depends on a knowledge of the same factors as are required in the problem of aerodynamic loads during 
flight ; and the limiting dimensions of gusts at or near ground level are not fully defined. But certain 
assumptions, designed to cover all heretofore experienced conditions may be made, and appropriate loading 
curves constructed therefrom, typical examples of which are shown in the diagram (Fig. VIII.). It 
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will be observed that the shear forces and bending moments set up are in no case of unreasonable 
magnitude compared with those already examined, except as might be expected in the immediate 
neighbourhood of the bow, where special provision can readily be made. 

As under commercial conditions it is necessary to make provision for the renewal of a gas bag or an 
engine at the mast, or for the event of a ship making port with a deflated bag in weather too rough for her 
to be landed and placed ina shed, we must add to the dynamic loading the further static loads correspond- 
ing to these emergencies as described for flight conditions. 

Two recent accidents to ships when moored out, one in America to the “ SHENANDOAH ” and the 
other in England to the “R.33” have drawn the attention of the public to the problem of the airship. 
The cause of both accidents is clearly understood. In the case of the ““SHeNaANDOAH ” the mooring 
coupling had not been designed to permit rolling movements of the ship, when secured at the mast. A 
sudden gust of wind stripped the covering from the top vertical fin and the resultant unbalanced couple 
caused by the wind pressure on the lower vertical fin ultimately wrenched the mooring gear out of the 
bow structure, which although specially stiffened had not been prepared to resist stresses of this nature. 

In the other case the “* R.33” is a ship which in actual fact was of German design, being an exact 
copy of the “ L.33,” a German Naval Scout brought down intact near Colchester in 1916 whilst on a 
bombing raid over the Eastern Counties. Mooring being an entirely English development in the history 
of the airship, has never been adopted by the Zeppelin Company, and the “ L.33,” and hence the “ R.33 ” 
were totally unfitted for mooring from the bow. No special provision was made for taking the heavy 
stresses which we have shown to exist in the bow of a ship when moored, and the accident followed as a 
natural sequence. It is due to the courage and determination of Squadron-Leader Booth and his crew, 
who navigated the ship home under almost impossible conditions, that a far more serious disaster was 
averted. 

So far we have dealt with loading which applies generally to al/ types and forms of airship. The subject 
of local loading is, however, inseparable from any given shape and particular type of structure. It is now 
almost universally recognised that by a stroke of genius the late Count Zeppelin chose the only method 
of construction capable of great development when he decided in favour of the so called Rigid Airship. 
His choice was the more wonderful in that a quarter of a century ago, when he began to build his first 
ship the full developments of which the rigid type was capable could have been only dimly foreseen ; and 
considering the small sizes of ship then contemplated, arguments in favour of the non-rigid or semi-rigid 
type must have been difficult to counter. 

It is not possible here to go fully into the reasons for the correctness of his decision ; it is sufficient 
to say that the decision has been warranted by subsequent experience, and confirmed by the investigations 
and experiments of Great Britain, America, and France ; and that the Rigid Airship now appears to offer 
the greatest possibilities of becoming a practical commercial vehicle in the future. 

Before, however, describing the local details of a rigid airship it will not be out of place to refer briefly 
to the form and shape of the hull. With but minor differences the German and British airship forms 
marched side by side until the advent of the “ R. 80,” which ship marked a considerable advance, in 
that the hull form possessed no parallel portion, but consisted of a stream line curve throughout. 
Although, from a variety of causes, but partially understood at the time “R. 80” did not give 
exceptionally good results as far as speed was concerned, our experiments on these lines were continued, 
with the result that we have now produced a shape, having a resistance coefficient of approximately 
half that of any previous practical airship form. The resulting increase in performance is considerable, 
but to obtain this low resistance shape it has been necessary to reduce the fineness ratio to 5°3 and it is 
possible that we have not yet reached finality in this respect. 

The curve shown in Fig. IX. indicates that the best ratio of length to diameter may be in the 
neighbourhood of four or four and a-half to one, but two considerations unite at present to prevent our 
adopting such a proportion. The first and conclusive reason is that no shed is available for building a ship 
of the great diameter necessary to obtain the displacement required; and the second is that it appears 
wiser in any case to test the aerodynamic properties of such short ships by gradual steps on the full scale, 
rather than to proceed at once to extremes based of necessity on small scale model experiments. 

The difficulty of predicting full size results from model experiments is due to the enormous difference 
in the w/* figure for the two cases. In the case of models, a v/ figure of 75 feet */sec. is the maximum to 
which it is usually possible to work compared with 20,000 feet */sec. for full scale. ‘To the naval architect 


*1/=171 v=117 feet/sec. where /= V3 
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accustomed to working with ratios of vl! model to v/ full scale in the neighbourhood of say 150 to 1,000 
the figures quoted must appear as extrapolation gone mad, but at least we shall be sure of his earnest 
sympathy with our difficulties. 

A detailed account of the method used in determining the actual profile of the hull, having once 
fixed the fineness ratio, would be too tedious to detail in this paper, but our illustration of “ R. 100,” the 
new ship now being constructed by the Airship Guarantee Company, gives a good idea of the results 
obtained. 

Having thus produced an outward shape which fulfils our requirements in regard to speed and 
economy in fuel consumption we are faced by the problem of building a structure to conform to this shape 
and of such strength and weight that it will satisfy requirements as regards safety and yet be light enough 
to ated the ship into an efficient load carrying vehicle. Consider for a moment the materials at our 
disposal. 

The buoyancy of a volume of gas is measured by the difference between its own weight and that 
of the equal volume of air that it displaces. Only two known gases are sufliciently light to be of 
practical value for airship purposes, namely, hydrogen and helium. 

At standard conditions the weights of 1,000 ft.’ of air, hydrogen and helium are as follows :— 

Air, dry per 1,000 ft2 0. ee. een eee > eee) eee 76°08 Ibe, 
Hydrogen, per 1,000 ft. ia ig aT - se 5284 Ibs. 
Helium, per 1,000 ft.’ ; sey i ; 10°56 Ibs. 

In practice it is impossible to inflate a ship with gas which is 100 per cent. pure, and the purity of 
gas when first put into the ship seldom exceeds 98 per cent., and quickly deteriorates to about 96 per cent., 
at which figure the purity can generally, with good bags, be maintained. The buoyancy per 1,000 ft.3 of 
displacement is thus :— 

Hydrogen filled ak BS «es (76°03— 5'284) *96=68 lbs. approx. 
Helium filled... ae roa «e+ (76°083—10°56) *96=63 lbs. approx. 

An increase of buoyancy of nearly 8 per cent. is therefore obtained by inflating a ship with hydrogen 
in preference to helium. ‘The actual increase of efficiency obtained with the hydrogen ship is however 
far greater than this, as will be shown when discussing the questions of power installation and navigation. 

A variety of materials is employed in the construction of the ship, the principal being steel, 
aluminium alloys, and cotton or linen fabrics suitably treated. The properties of the various metals 
employed may be conveniently set out in tabular form : 


TaBLeE II. 


Material. Sp. Gr. Wt./in.* Ult. Tensile Strength. E. Mod. of Elasticity. 


Aluminium Alloy ; ‘10 Ibs. 25-380 tons/in.’ 4,700 tons/in.* 
“Duralumin.” 


Steel Wire... os ' ‘ 75-100 tonsjin.’ 13,400 tons/in.? 


Stainless Steel 7 2 30-100 tons/in.? 13,400 tons/in.? 
Tubing. 


Al. Castings. ‘id ° , 8-10 tons/in.? 


The structure into which these materials are built consists essentially of a number of longitudinal 
members supported at intervals by a series of transverse frames or bulkheads, the whole being braced 
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diagonally by shear wires, or corresponding members. Each of the “ holds” or compartments formed by 
the transverse frames is filled by a separate gas bag bearing against a close steel wire mesh, but otherwise 
unattached to the structure of the ship in any way. 

On the outside of the framework is stretched a taut outer cover of fabric which offers a smooth 
surface to the air when in flight, and encloses an annular air space between itself and the gas bags. This 
has a useful effect in insulating the gas bags from sudden changes of temperature, and also affords a 
means of ventilating and cooling the interior of the ship. 

Towards the stern the stabilising and control surfaces are built on to the hull framework, while an 
internal keel runs from end to end of the whole structure. This keel serves the double purpose of giving 
access to all parts of the ship and also acts as a bearer for fuel tanks, water ballast tanks and cabin 
accommodation, &c. 

To turn to details, the alloy hitherto invariably used for the construction of the framework of rigid 
airships is “ duralumin.” Like steel, duralumin suffers from corrosion if unprotected, and after prolonged 
exposure to moist air a thin whitish film of oxide will appear on its surface. This may readily be 
prevented, either by applying a suitable varnish or by the electrolytic methods recently developed by 
Doctor Bengough. 

Some interesting notes on the subject of the possible gradual deterioration of duralumin have recently 
been made by Prof. C. F. Jenkin* in which he deals with the suggestions made from time to time that 
duralumin may corrode, either on the surface or throughout its mass, or that its crystalline structure may 
change by growth of some of the crystals, or that it may become brittle or change its dimensions owing to 
a continuous change like that known as ageing, by which the metal hardens after heat treatment, or finally 
that it may become brittle due to vibration. 

Prof. Jenkins states that if preserved from corrosion duralumin does not deteriorate with time, and 
that none of the suggested actions produces deleterious effects. Corrosion on the other hand does produce 
serious results, but surface corrosion is easily seen and if unaccompanied by intercrystalline corrosion only 
affects the strength of the members by reducing their section. Fortunately, surface corrosion does not 
appear to attack the joints specially or to penetrate between the surfaces, where riveted together, so that 
when inspecting a structure there is no reason to fear the existence of hidden corrosion worse than what 
can be seen; and while there is no evidence that intererystalline corrosion has ever occurred without 
surface corrosion, it is not yet certain whether under special conditions it might not do so. This point 
is being investigated at the National Physical Laboratory. 

When inspecting a structure the best method of detecting intercrystalline corrosion is to cut narrow 
strips as flat as possible from the suspected parts and to apply a bending test such as bending round a pin 
and comparing the results with similar tests made on sound material. 

There is a growing tendency to consider the use of stainless high tensile steels in certain parts of the 
framework, in preference to duralumin, but while weight for weight high tensile steel is of equal strength, 
parts of the requisite lightness made from this metal would, owing to their extreme thinness or alternately 
their small section, lack structural efficiency. Great advances in the design of girders formed from 
stainless steel sections have recently been made in connection with aeroplane spars; but it is doubtful 
whether the same structural efficiency can be obtained when compared with girders made from duralumin 
for airship work. 

The great majority of the girders used in airship construction are triangular in section, having three 
main boom members at the apices of the triangle connected together by bracing pieces which form 
a lattice work on each of the three sides. The riveting of work of this type is necessarily exceedingly 
light and pneumatically operated riveting machines have been developed which enable uniform results to 
be obtained without risk of injury to the materials. 

The design and manufacture of the gas bags of a rigid airship form quite a distinct branch from the 
engineering side, and here again there is scope for improvements in materials and technique. At present 
the most satisfactory materials for the manufacture of bags are cotton or linen fabric weighing from 60 
grammes per m.? upwards, lined with one or two layers of goldbeater’s skin. It has long been clear, 
however, that as the products of some two million oxen are required to line the bags of a ship of modern 
size the demand will rapidly outgrow the supply, and an efficient substitute has recently been produced 
as a result of the work of Major P. L. Teed, A.R.S.M., and there is no doubt that we are now in a 
position to produce first-class bags from synthetic materials. 

* Vide App. II. Report of the Airworthiness of Airships Panel, Oct., 1924. 
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There is little to be said about the outer cover, except that it forms perhaps the least satisfactory 
part of a modern rigid, and may be one of the greatest causes of loss of efficiency in flight. Made from a 
strong linen fabric, suitably treated and doped to resist the wear and tear of weather and sunlight, its 
performance depends to a higher degree than almost any other part, on the skill of the staff employed on 
its manufacture and fitting. Apart from its sunlight resisting qualities—of great importance when work 
on tropical routes is considered—its tautness and smoothness are of primary importance. Like a foul 
bottom, a slack and flapping outer cover can from reliable observations, reduce the speed of a fast ship by 
over 10 per cent. 

Turning to the power installation it may well be said that the engine is the heart of an airship, for 
upon its reliability the life of the ship, if not of its passengers and crew, may be said to depend. Very 
great attention has therefore recently been given to the development of an engine which shall combine the 
reliability of the marine steam engine, with the lightness of an aeronauticalengine. In order to eliminate 
fire risk it has been necessary to abandon entirely the use of low flash point fuels such as petrol, and 
experiments have been concentrated on engines designed to use oils of such high flash point as to place 
them outside the danger zone when operating in tropical areas. 

At present endeavours are being made on behalf of the Government to produce an aeronantical 
engine on the Diesel or semi-Diesel principle, but it is open to doubt whether an engine working on a high 
temperature cycle and of light weight can be rendered absolutely reliable and free from the possibility of 
mechanical breakdown when operating under commercial conditions, without some years of trial and 
experiment. The attempt to produce an engine on these lines involves a very large reduction in weight, 
for a reliable type of Diesel commercial engine would not be considered heavy at a weight of say 120 lbs. 
per B.H.P., while for an aeronautical petrol engine 2 Ibs. per B.H.P. is common, and the limit for a 
successful airship type engine might be put at 5 lbs. per B.H.P. dry. 

These considerations led Commander Burney, a formulating his now well known scheme for the 
development of commercial airships, to investigate the possibilities of an engine burning a medium but 
safe type of fuel oil in conjunction with hydrogen ; for it had been shown in 1920 by Mr. H. Ricardo 
that the introduction of a certain proportion of hydrogen into the cylinder of an engine burning kerosene 
or a similar oil, produced a marked improvement in the smoothness and economy of running, and also 
resulted in considerably lowering, without loss of thermo-dynamic efficiency, the temperature cycle on 
which the engine operated. 

Experiments are now proceeding with a 600 B.H.P. engine of this type, and the results obtained so 
far justify the highest expectations, although it is but natural that some initial difficulties should be 
experienced. This engine, although weighing only 5 lbs. per B.H.P. has been designed by Mr. Ricardo 
on almost marine lines, and the final type, the designs of which are well in hand, is actually fitted with a 
link reversing movement, enabling us to dispense with all gearing and clutches in the transmission system. 

The full advantages of the hydrogen-kerosene engine are worth some further explanation. During 
the course of a long voyage, an airship owing to the consumption of fuel and oil, becomes progressively 
and ultimately uncomfortably light, and at intervals of, say 12 hours, it becomes necessary to discharge 
corresponding volumes of hydrogen, in order to counter her tendency to rise. On arrival at her destina- 
tion, subject to any pronounced change in atmospheric conditions, a total volume of gas equal in buoyancy 
to the weight of fuel consumed, will have been discharged, uselessly, into the air. On a voyage, say from 
London to Cairo (2,200 miles) this gas would represent a loss of between £200 and £300 according to the 
current cost of production of hydrogen reckoned on a commercial basis; though at the prices ruling at 
present this sum might be three or four times as great. 

Several schemes have been put forward to meet this difficulty, the principal being to put the ship in 
ballast by recovering water from the products of combustion contained in the exhaust gases of the 
engines. Theoretically it is chemically possible to recover some 150 per cent. of the actual weight of 
hydrocarbon fuel burnt, but water recovery plants in practice become far too bulky and heavy for airship 
work if the degree of recovery is carried much beyond 75 or 80 per cent. Thus the loss of gas is not 
wholly avoided and further, the system of recovery of water from exhaust gases, though at first sight an 
attractive proposition, is accompanied by certain grave, and in the opinion of many, actually dangerous 
disadvantages. 

On the other hand, on the hydrogen-kerosene system we have produced an engine which, instead of 
burning about °5 Ibs. of highly volatile and inflammable petrol per horse-power hour, works on a mixture 
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of but *38 lbs. kerosene and ‘024 lbs. hydrogen per horse-power hour, the kerosene having a flashpoint 
(lower limit) of 115° F. as compared with —16° F. of petrol. By this means the danger of fire has been 
entirely eliminated, the maximum range of the ship is increased by 30 per cent., wastage of hydrogen is 
cut out, and navigation is simplified. 

Many interesting features have been introduced into the machinery installations of rigid airships, 
owing to the peculiar conditions under which we have to work. For instance, when working at or near 
ground level full sized radiators for engine cooling water, and for the lubricating oi! circulation system are 
required ; but when at a good altitude, particularly if an engine is stopped, it is necessary to withdraw 
the water radiators entirely into the warmth of the engine car, while the oil cooler is bye-passed, and warm 
water is circulated through a special heating coil in the oil tanks to prevent the oil from becoming 
too viscous to be pumped. 

Main supplies of fuel and oil are carried in a series of small tanks usually of about one ton capacity 
each, distributed in suitable positions in the structure of the ship. As many as thirty of these tanks 
may be carried and all are inter connected to a supply and distribution pipe system. 

The engine telegraphs afford a further interesting problem, the synchronism of instruments situated 
perhaps 500 feet apart employing light-weight materials for the transmission system, being no easy matter, 
particularly when the electric type of telegraph is barred owing to its liability to fail at critical moments. 
We show an instrument developed by a well-known Liverpool firm during the war, which has proved most 
satisfactory in practice. 

The physiological simile suggested for the engine may be further applied to the control station of an 
airship; for if the engine is the heart, the control station is the brain from which all orders are despatched. 
Here in a small space, perhaps 8 feet square, are situated all the mechanisms for the control and operation 
of the ship, including wireless cabin, telephone exchange with perhaps as many as twenty or thirty 
extensions, rudder and elevator controls and tell tales, engine telegraphs, manceuvring gas valve operating 
gear, ballast controls, mooring controls, bomb sights and release gear, voice pipes, switch boards, signalling 
apparatus, binnacle and drift indicator, and a whole bulkhead full of uncommon looking instruments that 
could perhaps only be equalled in number and variety on a large submarine. 

With all the instruments that science and ingenuity can produce, however, the pilotage and navigation 
of an airship must necessarily present many complexities, for the conditions encountered on a long flight 
are variable and sometimes difficult to determine. Buoyancy, height, ground speed and course made 
good are perhaps the most difficult and certainly among the most important things a pilot wants to know. 

Buoyancy is affected by atmospheric conditions and in England varies about 6 per cent. on either 
side of the mean at any given level, according to the pressure, temperature, and humidity of the air. 
Since the density of the air decreases with increase of altitude and the material of an airship’s gas-container 
cannot be made strong enough for reasons of weight to withstand any but trifling pressures, the gas must 
be allowed to adjust its pressure automatically to approximately that of the atmosphere. Provided that 
the bags are not full, expansion can take place within the limits of the gas space available, but once this 
space is completely filled, gas must be discharged through large automatic valves provided for the purpose, 
and the contained volume of gas thereafter remains constant whatever further decrease in the density of 
the surrounding air takes place. 

When once the constant volume stage or “ pressure height,” é.e., the height at which the bags come 
up to pressure and begin to blow off, has been reached, a further decrease in atmospheric density reduces 
the buoyancy of the ship, and since the deadweight remains constant the vessel will automatically reach an 
altitude limit of “ceiling” beyond which it is impossible to rise except by (1) reducing the deadweight, 
eg. by discharging ballast, &c., or (2) by dynamic lift, i.e., by flying the ship inclined bow up to the 
mean flight path. The amount of dynamic lift thus obtainable may be as much as 10 or 12 per cent. of 
the gross displacement of the vessel, depending on the angle of inclination and the engine power available. 
A pilot is most unwilling to adopt this device, as gas once lost is gone for good, and static equilibrium can 
only be regained by discharging weight. 

It is, however, of great importance in a commercial service to be able to choose freely one’s flying level, 
as the speed and direction of wind usually varies at different heights. 'Thusa head wind at 3,000 feet may 
change to a beam wind at 6,000 feet and a fair wind at 9,000 feet, and one may often detect these variations 
in wind direction from the ground by watching the movements of the clouds. The commercial airship 
pilot will no doubt become weather wise in choosing his flying level as flying routes become more defined. 
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Here the hydrogen burning engine is of great assistance to the pilot, because the gas bags begin to 
empty directly the flight is begun, and he is very soon in a position to vary height wp or down to suit the 
wind without bothering about change in buoyancy or loss of valuable gas. 

The helium-filled ship on the other hand is in a sorry state, for with helium at a price some thirty 
times that of hydrogen not a cubic foot can be wasted, and the helium pilot is in the unfortunate position, 
firstly, of having to start with his bags only partially filled, thus reducing the buoyancy of his ship and 
consequently the quantity of freight and fuel that he can carry ; and, secondly, of being unable to rise above 
the pressure height which the initial partial deflation of his bags enables him to attain without blowing off 
gas. This restriction constitutes a grave danger, and it is quite possible that it was the inability of the 
“ SHENANDOAH ” to manceuvre freely that led her commander to risk driving through the low level storm 
which proved her destruction, instead of rising to avoid it altogether. 

So much publicity, however, has been given to the subject of the use of helium in airships by the 
Press, that it may not be out of place if I digress for a moment to quote briefly from an article by Major 
P. L. Teed, late head of the Ilydrogen Section of the Inter-Allied Aeronautical Commission in Berlin and 
one of the leading authorities on gas production for airships in this country :— 

“Though many natural gas discharges in different parts of the world contain appreciable quantities 
of helium, except perhaps in Canada, there is at present no known source outside the Middle West district 
of the United States of America, where the total available volume is sufficient for airship requirements. 
After a very great expenditure (variously estimated at from £500,000 to £1,500,000) a satisfactory type 
of plant has been developed by the Linde Company in conjunction with officials of the United States 
Bureaux of Mines and Standards, which, by the total liquefaction of the whole of the gas, except the 
helium from a natural gas discharge, enables the latter to be separated and ultimately purified until it 
contains about 97 per cent. helium by volume. 

*“ Naturally such a process, involving as it does the compression of the whole of the gas under treatment 
to a very high pressure and its subsequent cooling to within the neighbourhood of absolute zero, is 
exceptionally expensive, and though the cost of helium produced at Fort Worth in the United States 
is now given at 5 cents. a cubic foot, it is thought that if commercial as opposed to Governmental 
accountancy were adopted, an even higher figure would be recorded.” 

And with regard to fire risk he continues : “ It is of course due to its non-inflammability that helium 
has been adopted by the United States for the peace time inflation of airships, and it would be idle to 
contend that hydrogen is in any way comparable with it in this respect. However, while this latter gas 
is combustible, in a modern suitably designed airship the possibility of its catching fire is so small as to be 
almost negligible. In order that hydrogen may burn in air, it is essential that at some point its temperature 
be raised to at least 508° C, thus to obtain a hydrogen fire on an airship it is necessary that hydrogen and 
air must be mixed together, and that in some portion of the mixture the temperature must be above a red 
heat, a combination which is improbable, for it presupposes a leak of hydrogen and a fire occurring 
simultaneously in close proximity.” 

The danger resulting from a hydrogen leak is not very great, for hydrogen weighs less than one- 
fourteenth as much as air, therefore such gas as leaks from the bags rushes upwards away from the 
engines and crew to escape from the top of the airship. 

We may therefore briefly summarise the defects of helium as compared with hydrogen :— 

1. It reduces the gross lift of the ship “8 ea xe “1 --. 8 percent. 
2. It reduces the disposable lift +E aad ae F a 
3. It reduces the lift available for passengers and freight, after allowance 
has been made for fuel and stores, ete., ... es Ass oe is tt! asta? Sage 
4. It reduces the maximum length of full speed flight... oes Soo! Chae sare 
5. Without water recovery the volume of helium consumed is 34% greater than the volume 
of hydrogen on a similar ship with a hydrogen kerosene engine. 
r a With water recovery the speed, useful lift, ceiling, and safety of the helium ship are 
reduced. 
7. Helium costs 30 times as much as hydrogen, its sources are not distributed over the 
globe, but are concentrated in one continent. The cost of its transport at high pressure in 
heavy steel cylinders to other airship centres would be prohibitive. 
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8. Having regard to improvements in design and ventilation in modern ships, to the intro- 
duction of the hydrogen kerosene engine, and the elimination of petrol thereby, we are definitely of 
the opinion that hydrogen is no longer a source of danger in an airship, but that helium, by the 
large reduction it causes in the flight efficiency of the ship, may well be so. 

To return to the problems of pilotage, height above the ground is usually determined by means of a 
large scale aneroid, the zero of which has been adjusted just previous to leaving the ground. Any 
subsequent changes in the barometer will, of course, lead to incorrect height readings on the aneroid, and 
in any case the datum level from which a flight began is of little value when flying over land, the contour 
of which is continuously changing ; further, drift indicator and astronomical observations require accurate 
information regarding height before they can be used to determine course made good and present position, 
and hence the necessity for some reliable method of determining height during a journey has arisen. 

Very interesting results are believed to have been obtained from “sound echo” apparatus installed in 
“Z.R.3” (“ Los ANGELES”) before her flight from Germany to America, and we should be interested to 
hear of the development of similar instruments in this country. It is probable, however, that we must 
turn to improvements in directional wireless for our principal assistance in airship navigation; and this 
method of determining a ship's position has already been the subject of successful experiment. 

No less important than navigation, where the commercial airship is concerned, is the question of 
handling and mooring these great vessels. In this branch of aeronautics we have made a signal departure 
from the methods employed by the German engineers, Right up to the time when airship work in 
Germany was prohibited by the Treaty of Versailles, the method of landing airships in Germany was to 
haul them into their sheds, a very large number of men being necessary for this purpose. Partly owing 
to the naval traditions of this country, but mainly due to the less favourable weather conditions for 
manoeuvring ships in this way which obtain in England, a system of mooring by which a ship whilst in 
service is never actually brought to ground has been steadily developed during and since the war. 

The necessity for the mooring mast is obvious, for unless large bodies of men are available, together 
with revolving shots representing large capital outlay, it is practically impossible for even a small 
airship to enter or leave the shed in a cross wind exceeding 15 or 20 miles per hour. The first cost and 
maintenance of such sheds would prove a crippling charge on any commercial organisation, and although 
shed accommodation will remain a necessity for construction and repair purposes, it has been definitely 
established that mooring provides the ideal system for actual operation of a regular service. 

The bow of the airship and the top of the mooring mast are provided with complementary parts of a 
coupling so designed that, while the ship when at the mast is rigidly held in position, she is free to swing to 
the wind and to change her trim to suit variations in load and buoyancy. A ship designed for bow mooring 
carries in the neighbourhood of the bow a storage drum of flexible steel wire rope so arranged that rope 
will be payed out automatically on pulling a lever at the control station. A similar rope is provided on a 
large winch at the foot of the mooring mast and when a ship is about to land the mast rope is led up the 
mast and over pulleys actually in or in the neighbourhood of the coupling apparatus. From there it is 
dropped to the ground and run out about 800 feet to leeward of the mast, from which direction the 
landing vessel must approach. Ground sheets readily visible to the pilot of the ship are laid out to 
indicate the rope end and on passing over this spot the pilot releases a sufficient length of rope to reach 
the ground from the storage drum in the bow. 

The coupling of the two rope ends is quickly effected by two or three men told off for the purpose 
and a signal is then passed to begin hauling in on the winch at the mast foot. During this operation the 
airship remains relatively stationary at a height of some 500 feet or 600 feet above the ground, maintaining 
her position by running the engines ahead at such a speed as to hold her against the wind. When the 
hauling in has commenced engines are put astern, ballast is discharged forward and the ship is drawn 
steadily in to the coupling at the mast head. 

When once home, communication is established between ship and mast by covered gangways, and 
pipes supplying gas, fuel, lubricating oil and water are run aboard. The necessary pumps for supplying 
these services are situated in an engine house at the mast foot. The first mast actually erected 
was of a crude and temporary character, but designs have been prepared and masts are now being erected 
of a far more elaborate type with special provision for the accommodation of passengers. At present steel 
construction is being employed, but when some degree of standardisation has been reached it is probable 
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that ferro-concrete will forma more efficient medium for mast construction, and we show a design in 
this material which has been very fully worked out for us by a leading firm of ferro-concrete engineers. 

It will be noticed that the construction naturally lends itself to the accommodation of pumping plant 
and winch machinery on the ground level, whilé waiting rooms, restaurant and offices are conveniently 
ee in the upper part of the structure. Access to all parts, including the landing level at the mast 

ead, is obtained by means of a lift supplemented by an emergency staircase very much on the lines of the 
arrangements now existing in connection with London’s tube railways. 

Experiments have actually been carried out in America, and are now under contemplation in this 
country, with a view to providing mobile bases for rigid airships, and provided that actual mooring can be 
effected in harbours or sheltered waters there is no reason to doubt the practicability of this development, 
which consists in mounting a mast upon the deck of a vessel of suitable type. At first sight 
it might be thought that the top hamper would seriously affect the stability of the sea-going vessel, but a 
careful analysis has been carried out by the naval architects of Messrs. Vickers, whose report is entirely 
satisfactory. 

The pinta base, while originated for the purpose of assisting naval reconnaissance, has an important 
application for commercial purposes, for it is recognised that with our existing knowledge it is difficult 
to lay down with exactitude the positions at which great air ports shall be situated, and it is proposed 
before committing a commercial organisation to the expenditure of the capital necessary for the equipment 
of a land station, to try out any proposed route by means of the mobile base. 

So far I have endeavoured briefly to outline the extent of our present knowledge and experience in 
the design of the rigid airship. That this knowledge is already sufficient to enable us to go boldly forward 
in the organisation of commercial services I personally have no doubt, and there exists in the records of 
the past ample proof of what a rigid airship can accomplish under commercial conditions. In forming a 
judgment of the potentialities of the commercial airship, I would ask you to disabuse your minds of any 
ideas of their vulnerability based upon the experiences of the late war. For an airship which is forced to 
operate, by gunfire and hostile aircraft at its highest possible altitude and maximum speed, is working 
under conditions which are no fair criteria of what it can accomplish in times of peace. 

It is well known that passenger services of a limited nature were maintained by the Deutsche 

Luftschiff A.G. for some years previous to the war, but it is to the time of the war itself and after that we 
must turn for proof of the possibilities of the commercial vessel. There are four flights illustrating the 
endurance powers of airships of a type which would now be considered obsolete which I should like to 
quote. 
. In November, 1917, the Zeppelin “L. 59” was sent to German East Africa, with medicines and 
ammunition for the beleaguered colonial troops. The Zeppelin was especially prepared for the flight, all 
superfluous equipment, such as bomb-dropping apparatus and armament being remoyed. Flown from 
Germany to Jamboli in Southern Bulgaria, the “L. 59” was there loaded with nine tons of machine gun 
ammunition, four tons of medical supplies, and 21 tons of fuel for the engines, representing a useful load 
of nearly 60 per cent. of her gross displacement. The Zeppelin left Jamboli at nine o’clock in the 
morning, crossing North-Western Asia Minor, the Augean Sea, South of Smyrna, and on between the 
Islands of Crete and Rhodes, and across the Mediterranean, reaching the African coast by daybreak next 
day. ‘The great Sahara desert was then crossed, the “L. 59” passing over the oases of Farafrah and 
Dakhla. Military headquarters at Berlin meanwhile were trying to reach tbe ship by wireless, for the 
German intelligence office had intercepted a British message to the effect that the colonial troops had 
already suirendered. The “L, 59,” however, passed through a severe storm the night before, and had 
taken in her wireless antenng, and it was not until she was West of Khartum that she listened in and 
picked up the message. : 

Ina day and a half she had travelled 1,865 miles, and, without stopping, the Ze ite was turned about, 
and after retracing her path across the Sahara to Adalia, on the coast of Asia Minor, arrived back in 
Jamboli in less than four days from the time she set out from that port. There remained sufficient fuel 
aboard for three days additional flight, and the ship under the same conditions could have flown from 
Hamburg to Khartum and returned. As it was, she travelled 4,225 miles on a non-stop flight, which 
though it occurred in 1917, remains the world’s record for all kinds of aircraft to the present day. 

On Wednesday, 2nd July, 1919, the “R 34,” a British ship of German type, eft East Fortune on 
the Firth of Forth, and travelling by the route shown, reached Long Island, New York, at 3 p.m. the 
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following Sunday, having suffered from adverse winds during the greater part of the passage. After 
mooring in the open for four days, she left New York on Thursday, and arrived at Pulham, in Norfolk, 
early the following Sunday morning, the return voyage having been accomplished in 75 hours, 3 minutes. 

In October, 1924,.the “ZR 3” flew from Friedrichshafen, on Lake Constanz, in the South of 
Germany, and reached Lakehurst, New Jersey, in just over 80 hours. 

Influenced by the success of their pre-war passenger services, during the course of which over 34,000 
passengers were carried a distance of 11,000 miles with a fleet of six vessels, the Delag company designed 
and built in six months, 1mmediately after the war, a small vessel, christened the ‘“‘ BODENSEE,” which was 
approximately the same size as the pre-war commercia! Zeppelins, but with twice the engine power, twice 
the useful load, and a speed of 75 miles an hour. The “BoDENSEE” was designed to carry thirty 
passengers in comfort, and was maintained on the Friedrichshafen-Berlin route as an experiment in 
commercial air transport. From 24th August until Ist December, 1919, the “ BopENSEE” made 103 
flights in 98 days, on several days making two flights, one being a short sight-seeing trip over Berlin 
in addition to her regular run. In that period 2,380 passengers were carried, about 11,000 Ibs. weight of 
mail, and 6,600 lbs. of freight and baggage. The “ BopENSEE” was in the air 533 hours, flying in all 
32,300 miles, at an average speed made good of 62 miles per hour. In December, 1919, all airship 
operations were stopped by the Inter-Allied Aeronautical Commission of Control, and the ‘ BopENSEE ” 
was delivered to Italy as part reparations in 1921. 

The essential qualities of safety, efficiency and reliability are clearly indicated by the performances 
quoted, as no single mishap is recorded in any of the flights, and it is significant that out of three attempts 
to cross the Atlantic by airship, all have been successful, although the periods covered, particularly in the 
case of the * R. 34” were such as to preclude the assurance of any specially favourable weather conditions. 

It is perhaps too early to speak with authority on the subject of the air routes of the future, but 
much consideration has been given to this subject by Commander Burney and his staff, and negotiations 
have been opened with the governments and leading business interests of some of the dependencies and 
dominions, notably Egypt, India, Australia and New Zealand. Tentative routes have been plotted and 
meteorological data and other useful information affecting these routes have been compiled, while elaborate 
analyses of the capital charges for bases and ships, together with the volume of passenger traffic and postal 
matter, have been made. ‘The principal routes investigated are as follows :— 

i. London to Karachi, via Ismailia, where a mooring mast is being erected at this moment 
by the Air Ministry. 

2. London to New Zealand via Bagdad, Colombo, Melbourne and Sydney. 

3. London to South Africa via Freetown. 

The interport distances on these routes are all within the capacity of the commercial vessel which 
is now being built for His Majesty’s Government. 
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DISCUSSION ON MR. B. N. WALLIS’S PAPER 


ON 


“SOME TECHNICAL ASPECTS OF THE 
COMMERCIAL AIRSHIP.” 


THE CHAIRMAN. 
Mr. J. Howarp Grover—Chairman of Classification Committees. 


I should like to give a word of welcome to the many visitors I see around me. The Staff Associa- 
tion, as perhaps you know, is an association for listening to and exchanging ideas chiefly on subjects 
which are cognate to Lloyd’s Register, but occasionally we have the pleasure, as we have to-night, of 
welcoming a guest who is going to talk to us on a subject with which at present Lloyd’s Register is not 
actively engaged. The time may come when airships may become a commercial proposition, and their 
manufacturers and users may require some independent Society like ourselves to class them. I may say 
that with regard to aeroplanes we have already had some pour parler of that kind, but at present we are 
not directly interested even in classing aeroplanes. 

Lloyd’s Register is a Society which exists for the benefit of the community. We class ships of every 
kind, which are built to a certain character, and our duty here is to preserve their character as far as 
we possibly can, and if their character is not kept up we step in and remove the class. Lloyd’s Register, 
is an extraordinary Institution, very vigorous, has lived now very nearly 100 years, and we may in the 
future have to assign classes to aeroplanes and airships as we do to sea-going vessels. 

I have now much pleasure in calling upon Mr. Wallis to deliver his lecture. 


Mr. B. N. Watuis (Introductory to Lecture). 


I should like to acknowledge the very great pleasure with which the members of our Board, and of 
the Company itself, have received this invitation to me from Lloyd’s Register Staff Association to speak 
to you to-night about airships. My own sentiments may perhaps be compared to those of the Bandarlog 
or Monkey folk of Kipling’s “* Jungle Book,” whose one ambition was to be noticed by the other animals 
on the ground. That someone has paid some attention to us is a sign that the work we have been doing 
is not without fruit, and although we have laboured for a considerable period under something of a cloud, 
we do feel that at last people are recognising that the airship has reached a stage of development when it 
is no longer an affair of sticks and strings. 

The object I have tried to carry out in writing this paper has been to show you that we have got the 
airship down to a regular engineering basis, and that a very great deal is now known about the loading 
and aero-dynamic conditions under which these vessels have to operate. I have taken the opportunity in 
the paper to refer especially to a series of accidents which have happened in the past to this form of craft. 
I myself feel very strongly that it is no use glossing over what has happened, and our policy has been 
firth affected by these accidents in the past. For example, during the past two years we have been in 


negotiation with various interests regarding the formation of airship transport companies, and we recently 
had a letter from a business firm in New Zealand stating that they regretted they had come to the 
decision that they could not proceed further in the matter with us owing to the loss of the ‘‘ Shenandoah” 
which had then recently occurred. 

So I have taken the opportunity to point out to you that the causes of these accidents are now well 
known and well understood, and can be guarded against in the future. 
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DISCUSSION. 
Arr Commopore FE. A. Mastrerman. 


I do wish to congratulate this Association on the interest they have taken in airships, aud in showing 
it by getting Mr. Wallis here to lecture to-night. 

Mr. Wallis, in the course of his lecture, has been very careful to say nothing about himself, although he 
has managed to say a great deal about other people. I should like to bring to your notice that Mr. Wallis, 
so far as I kuow, is the only Englishman who has achieved the building, from his own design, of a rigid 
airship which has actually flown. That airship was shown to you on the sereen to-night as the “ R. 80.” 

What I should like to ask you all to do is to exercise imagination. There is, or was, a play on in 
London called “ Peter Pan,” in which the actor asks the children in the audience if they believe in 
fairies ; but 1 think he warns them at the same time that if they do not believe in fairies the play will 
not proceed ; and, anyhow, the children always believe in fairies. But I should like to put to you the 
question : ‘ Do you believe in airships,” because the number of people about, who do believe in airships 
is very small. It will be found that the people who have had most to do with them are the people who 
believe in them most. Airships in this country at the present moment are almost as rareas fairies. I 
hope that this will not last very long. Columbus discovered America, and I have often wondered how 
long it was after he crossed the Atlantic before a regular service to America took place. Seven years ago 
an airship crossed the Atlantic and returned. Seven years seems a long time, but perhaps also it was a 
great many years after Columbus showed the way before a regular service was inaugurated. We shall 
see it—I am convinced of that. 

You could not have a better general survey of airships of to-day than you have had from Mr. 
Wallis to-night. You Lave been given an excellent idea of the many difficult problems which have been 
encountered. ‘They have not all been solved, but I think there can be no doubt that they can and will 
be solved, and that many people now living will see airships trave!ling all over the Empire. 

The people of this Empire, which was founded on sea-power, have always been supposed to possess 
the “seafaring ” sense ; the question of the future is whether they are likely to ree the “airfaring ” 
sense, on which it seems quite probable the preservation of the Empire may yet depen 

Turning to various points brought out by the lecturer, I am not sure that I can agree altogether in 
his surmised causes of the accidents to the “ Dixmude” and ‘“ Shenandoah.” 

I think that the “ Dixmude” ran short of fuel, and broke up on hitting the surface of the sea, 
rather than that she broke up in the air. 

Again, in the case of the “Shenandoah,” I fancy that the real cause of the disaster was inability to 
relieve the pressure in the helium-filled bags sufliciently rapidly, rather than initial structural weakness, 
rendering her unable to contend with a sudden vertical gust. 

That vertical gusts may, however, reach high velocity figures is supported by the fact related to me 
by balloonists caught in a thunderstorm up-current, that this vertical gust is sufficient to cause 
“ whistling ” in the balloon rigging. 

I quite agree as to the success of the German ‘“ Bodensee,” and her improved sister ship the 
“ Nordstern,’ which was delivered to France. I have a weakness for this class of ship, and wish that 
Great Britain possessed a couple of them for experimental purposes. 

Whilst the burning of hydrogen in a kerosene engine is a most interesting development, I am sorry 
that the lecturer has not got anything better to say of water-recovery. ‘1 yet hope for developments in 
this direction. The building PR of reserve ballast which can be disposed of in emergency, and the 
replacement of water (recovered) by fuel taken in, with the consequent saving of gas required at a 
refuelling point, seem to me valuable arguments for water recovery, if the weight of the necessary 
apparatus is not excessive. 

The difficulties to be encountered by large airships due to temperature changes, etc., under tropical 
conditions are not, I fancy, yet absolutely known. 

The commercial airship will not start with much reserve ballast, since this is a non-paying load, and 
the captain of an airship would not, 1 think, be averse from laying up an increased reserve, at no loss to 
the owners, as the voyage proceeded, 

It is interesting to think that the ‘Trade winds and the old sailing ship routes will again become of 
importance in planning airship routes. An airship can go a long way off her course to get a favourable 
20-30 knot breeze and yet save time on the journey. 


England is most unfavourably situated as a point of arrival or departure for large airships. These 
‘depressions near Iceland,” which figure daily in the meteorological reports, cast their baleful influence 
too much over these islands. Another 400-5°0 miles south and you get away from them. 

We may find it necessary to start ard stop the regular airship service from the Continent much as 
passengers in P. & O.’s now embark and disembark at Marseilles. The whole question of ground 
organisations is, in my opinion, a matter of more difficulty and complexity than the construction of the 
actual airships themselves. 

Other countries must adopt mooring mists, and international ports of refuge are required, before 
the passengers in an airship in distress over Eurcpe will feel thas proper arrangements to meet this 
eventuality have been made on their behalf. 

I have no faith in mobile airship bases—»ace the brilliant mirds that have conceived therm. 

What the lecturer said, as to the limitations of shed dimensions affecting the fineness ratio of the 
ships and not allowing of possibly the best ratio to be adopted, interested one greatly, since I venture to 
prophesy the eventual disappearance of sheds altogether—they are too expensive commercially und too 
vulnerable in war. 

Airships will, I believe, be built in natural harbours formed by valleys with steep hills around, and 
will, when not building or in dock, live at the mooring mast. Their fineness ratio will then not be 
limited by shed dimensions, but only by the height of the masts. 

There are covered in sheds at Portsmouth Dockyard to-day in which ships used to be built, and I 
daresay it was considered something of an innovation when construction was first undertaken in the open. 
There are bigger difficulties where airships are concerned, but no insuperable ones I believe. 

In any case, airships are not as yet for any but rich countries; it is difficult to pursue an economy 
campaign and an airship development programme at one and the same time, because you have to pay so 
much before you get any results with airships, and if you economise too much on vital matters, such as 
the ground organisation, then you may readily “spoil the ship for a ha’porth of imagination.” 

It all comes back to that, have we the imagination to see what this thing may mean ? 

I feel sure that this lecture and the slides shewn have done much to fire the imagination of those 
fortunate enough to be present. 

In conclusion, I must state that any views which I have given are expressions of my personal 
opinion only, and are not necessarily those of the Air Ministry or Government. 


Mr. W. Wart. 


Glancing at the title of this lecture, the first impression created is one of challenge to the Naval 
Architect, and such a challenge uttered right in the camp of the enemy. 

It must be patent to all present to-night that once the airship becomes “commercial,” the days of 
this society are numbered unless as Tennyson says :— 


“ We leave the rolling foaming wave 
and rise to Heaven’s blue.” 


It is, therefore, very opportune for this association to consider the subject, and to see how far the 
author is justified in his title. 

Having regard to the enormous strides which have been made since the first airship was constructed 
only a very few years ago, it is dangerous to dogmatize. All great scientific discoveries have been made and 
developed in the face of fierce and often unreasoned opposition, but always by a close observance of 
nature’s laws. 

Nature has given buoyancy to water and in a great measure has denied it to the air, although such 
comparisons are only relative, and in this way has set a limit to the use which can be made of the air as 
a medium of transit. 

The vehicle of transit must increase in dimensions in inverse ratio to the buoyancy of the respective 
mediums which they traverse. 

The author has given us a very able account of the difficulties which have been overcome in the 
past and the methods he hopes to employ in further development, and one feels almost staggered at the 
enormous progress which has been made in so short a time, at the enormous speed and endurance of what, 
after all, is a comparatively fragile structure, and at the wonderful economy in engine design, which must 
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give our engineering colleagues violently to think. He has not given us in the printed paper, however, 
any details of the dimensions, weight and carrying power of the various airships referred to, and such 
| particulars would add enormously to the value of the paper. 

| In a recent study which I made of the coasting collier, particulars of which were given in a paper 
: read before the members of this Association, I thought of the time when airships might be employed in 
| the carriage of coal, and I placed the problem before a friend who is engaged in airship design. It was a 
novel proposal, and he spent some time investigating it. The following are the particulars which he supplied. 


Air collier to carry 600 tons from Newcastle to France :— 


Length ... AP ee a ee Ae vhs i0 1 mile 
Diameter ... Bt we ip fe ty eat ... 1,100 feet 
£ 
Cost of loading, including standing charges, depreciation, &c. sy i bal ... 5 per ton 
Carriage, including inflation and deflation charges, and depreciation ... sie ie Qh nd; 
Cost of discharging nae age ae te os va Ay ace nee x.) Sl agperlys 
Total per ton hes as = + se «£45 


In order to secure complete control in trimming the airship the cargo will require to be carried in a 
trough 2 ft. 6 in. by 2 ft. 6 in., extending the entire length of the ship. 

The foregoing figures may be wide of the mark, but, after making full allowance for possible errors, 
they do show that for an ordinary cargo carrier we must still depend on the “rolling foaming wave.” 
But if it cannot be profitably employed for ordinary commercial purposes, who can measure its potential 
value either as an instrument of destruction in war, or as a means of binding together the whole human 
race in the bonds of peace ? 

Mr. Wallis by his most instructive paper, has kindled a deeper interest in the subject of air transport, 
and has enhanced the value of the transactions of our Association. 


Group Caprain P. FELLOWES. 


} It is with the greatest diffidence that I speak on airships at all. I have only been connected with 
them for a little over a year, which is a very short time in which to appreciate the problems involved in 
their design. These problems have been the study of a very able body of men for a number of years 
since the War, and we now have two separate design staffs working on the problem of designing two 
large airships on definite lines recommended by this body. 

The British Government have decided, as I expect some of you know, that these two design staffs 

| shall work on the two airships more or less separately, in order to provide incentive to the two staffs to do 
their best, and I think, after listening to this very interesting lecture by Mr. Wallis, that you will believe 
that the result the British Government hoped for will be achieved as far as he is concerned. Incidentally 
the Government plan will also insure that the country is possessed of the necessary technicians 
to develop airships when commercial requirements demand. 

Touching the new Air Ministry ship, the “R. 101,” I can assure you that it is being designed with the 
utmost care, coupled with all the knowledge and experience as far as it is obtainable, not only from this 
country, but from all other countries. In fact, I think I should not be exaggerating if I said that for the 

| first time in rigid airship history two airships are being designed on scientific methods after a proper 

appreciation of the problems involved with them has been made. 

Finally, I would like to make a few remarks to reassure you as to the strength of airships. The rigid 
ships which have failed since the war in regard to strength of structure, due to weather conditions when 
actually in flight, were ships specially built to ascend to great heights, and therefore their structure had 

been built specially light. The failure of the “Shenandoah” (a ship built for ascending to great 
heights) was almost certainly caused principally by uneven gasbag pressure (due to too few gas valves), 
which partially broke up the ship when at her greatest height of ascent, she te failing in sagging 
bending, as described by Mr. Wallis, when she had again descended to a comparatively low level, and was 

being driven up by a fresh vertical ascending current. Her Commander, Lieut.-Cmndr. Lansdowne, had 
informed his English colleagues that, after the weather she had stood in her previous cross-Continental 
flight, he was convinced that she could stand any weather as fer as the structure was concerned. 


Ee eee ee 
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Mr. C. H. Stocks. 


Mr. Wallis has shown in his very able paper that the technical feasibility of the airship is sound, 
and that their capabilities have been adequately demonstrated so as to justify public support. It is not 
suggested that commercial aircraft will, at present, be a serious rival to, or replace, existing forms of 
transport to any great extent, but it is shown that they do have a place in the scheme of progress, and 
sooner or later they will occupy that place. Conservatism of the public to established modes of travel 
and financial difficulties alone account for the delay. 

Propaganda is a cheap and necessary preliminary, and the goodwill of the Press is essential. It is 
also incumbent on all those who are in a position to appreciate technical evidence to give their full 
support ; this much is due to those pioneers, but the matter is also one of prime importance from a 
national standpoint. 

The Author’s reference to the Staff Association will, no doubt, be fully appreciated, for, since aerial 
transport will be supplementary to shipping, and the fundamental problems which confront the 
aeronautical designer are closely allied to those which face the ship designer, the subject matter of his 
paper is of direct interest to the members. 

Undoubtedly, classification societies are by their qualifications and widespread organisation 
singularly suited for taking a master part in the development of commercial aeronautics, and our French 
contemporaries have, as we know, already absorbed aircraft into the field of their activities. Even if 
their operations are somewhat limited at present, and are largely those of a watching brief, they are no 
doubt accumulating much useful data and experience towards building up a strong technical and 
practical organisation, and their activity will, no doubt, create a measure of confidence in aircraft in the 
minds of the public and of those likely to be financially interested. 

Being interested in the subject of aeronautics, and having had considerable wartime experience with 
aeroplanes, I have read the paper with great interest. As between airship and aeroplane my leanings 
were naturally towards the latter, and I venture to query the Author’s rather sweeping assertion that 
even the aeroplane devotees acclaim the airship as the ideal vehicle of aerial transport. It would really 
seem that there is ample scope for both branches, as witness the aeroplane transport companies 
commercial progress and future programmes. It may well be that the ideal type will be found in a 
combination of both airship and aeroplane, a design incorporating certain features and advantages of 
each combined with moderate overall dimensions. 

Probably the paper would have had an important added interest to such a body as this if scales and 
values had been given in the diagrams, and some stress values given. 

I should like to ask the Author if the temperature of the gas, and consequent effect on loss through 
expansion and contraction, is in any way controlled by heating or cooling the envelope of air between 
the gasbags and the outer covering. Also whether in the proposed ships alternative mooring arrange- 
ments are provided at the after end as a precautionary measure against risk of damage to the bow 
tackle ? Stern mooring would, of course, involve arrangements for locking the steering appliances in the 
streamline position. 

In conclusion, I would thank the Author for his most interesting paper. 


Wina-Commanper T. R. Cave-BRowNE-CaveE. 


I also should like to congratulate Mr. Wallis on the lecture he has given. He suggested to me that 
I should say something about the machinery of airships, and the increased reliability we hope to attain. 
The reliability we are aiming for is the reliability of the marine Diesel, but the weight of the marine 
Diesel per H.P. has to be divided by about 100 before you can get anything at all suitable for airship 
work. It is, therefore, I think, quite impossible to take the marine Diesel engine and lighten it so that 
it is suitable for use in the airship. It is, however, possible to take an aero engine and convert it to 
compression ignition without prohibitive increase of weight. Commander Burney has heen investi- 
gating a system in which the pressures and temperatures in the engine are greatly reduced and the 
reliability should thereby be increased. The Air Ministry wish to use fuel oil with a higher flash point 
(220° F.) than Commander Burney proposes, and they are attempting to produce a full Diesel engine, 
using solid injection, but light enough to fly ; an ambitious project, but one well worth attempting. 
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In the machinery units of future airships, we must consider an important difference from the machinery 
installations either of a ship or of the previous airships. We regard the machinery unit as having 
a relation to the airship more similar to that of the locomotive to the train than to that of the machinery 
to the sea-going ship. Those engine cars shown you on the slides are more or less distinct from the ship. 
In the new airships we hope they can be so self contained that it will be possible to change the whole car 
while the ship is at the mooring mast. If we can do this, the replacement of a car by one containing a 
newly refitted engine will be so quick and easy that the machinery should always be in first-class condition. 

The improvements hoped for in the machinery of airships lie in ease in replacing engines, in 
using a safer and more reliable type of engine, and in general simplification. Mr. Wallis has been very 
kind about airship engines, and has not detailed any of their sins. Probably he has taken this attitude 
because he knows that engines used by the British were early type aeroplane engines modified for use by 
airships. However, so far as I know, no serious accident has yet been attributed to them, but on a 
number of occasions the ship has through machinery trouble failed to carry out her flight punctually. 
Such failings we must eliminate so far as humanly possible, and we have reason to hope for great 
improvement now that engines are being specially designed for use by airships. 


THe PrRestipeENt—Dr. B. C. Laws, 


Iam glad to have the opportunity of expressing the pleasure of this Association in hearing this 
lecture, which I am sure has been not only of interest but of much value to us all. 

Mr. Wallis strikes the key note in the very first paragraph of his paper when he says that some 
speedier means than those which exist at present are necessary to link up the outposts of the Empire with 
the Mother Country. 

Although, perkaps, we have not advanced very far along the line of airship construction, | am 
bre whether the lecturer is not a little too modest when he says that the airship is only in its 
infancy. 

It is now about 25 years since Santos Dumont circled the Eiffel Tower in one of his dirigibles at a 
speed of 18 m.p.h.—thought to be quite good at that time—and just prior to that Count Zeppelin had 
brought out the first of his airships, to be followed by others, all of which, however, met with disaster 
before the Great War. Mr. Wallis, in his paper, recounts other disasters of more recent date, notably 
the “Shenandoah” and the “R. 38.” 

Much as accidents of this kind are to be deplored, it is satisfactory to realise that they themselves 
have created an incentive to further enquiry and research, that the ardour of the designer has not been 
diminished, and that he is sanguine as-to the future of airship construction. 

In the earlier days of iron shipbuilding, the naval architect was not without his anxieties, and some 
60 years ago he was compelled to pause to consider the reason and to find the remedy for losses which 
had been experienced in shipping up to that time. Evils chiefly in respect of stability were rectified, 
and a more scientific basis for ship design has resulted. 

In the case of the airship the problem appears to be one of strength rather than of stability, and 
much efficient research work has undoubtedly been done during the last few years. There is, therefore, 
no need for the aeronautist to be deterred in his work on account of disasters which from time to time 
might occur ; these are but incidents in pioneer work, but passing phases in the development of this 
important branch of engineering. ' : 

In many respects the airship problem presenis much greater difficulties than that of ships which 
have to sail the seas, not only from the point of view of design but of actual construction, and 1 venture 
to think that the aeronautist by his labours has achieved much more during the period of evolution of 
the airship than did the naval architect over a similar period during which shipbuilding was emerging 
from ‘* Rule of ‘Thumb ” to a basis of scientific investigation. 

The lecturer very truly says that the safety of the airship depends upon the factors of strength, 
speed, and protection from fire. Perhaps the most important point calling for the strictest examination 
is the ultimate factor of safety of the structure as a whole under static and dynamic conditions of loading. 

Airships must of necessity be built with an eye to the strictest economy of material, due to the great 
disparity between the specific gravity of the constructive materials and the gaseous media upon which 
depends the buoyancy of the vessel. We would, therefore, expect that the factor would be somewhat less 
than that usually adopted in marine design, and it would appear that the factor is about half. 
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Now it seems to me that this factor for airships is somewhat low. It appears to be about equal to 
the value allowed for the individual members of the structure under static conditions. If this be correct, 
it would seem to allow a small margin for safety in the event of the structure being subjected to dynamic 
loading due to excessive wind pressure or other sudden external causes. 

If improvement in the manufacture of materials may be hoped for, this factor might be increased, 
but up to the present it has not been found possible to produce a metal or alloy which, relatively, weight 
for weight, can give better results than those obtained from steel. This is exemplified in Table 2 of the 
Paper, where it is seen that the specific gravities of the materials vary practically as their elastic moduli. 

There are many points of interest in the lecture which one would like to touch upon. 

I had hoped that the lecturer would have given a little fuller information as to the mode of construc- 
tion of the transverses, the principal longitudinal members, and the bracing. 

The transverse bulkheads appear to be link polygons—presumably planar initially—braced to some 
point, virtual or otherwise, within the polygon itself. I have wondered what amount of distortion of 
these bulkheads is likely to be experienced under longitudinal bending of the vessel, or pressure in the 
air cells, and to what extent this would affect the stresses in the transverse circumferential members. 

With regard to longitudinal principal members, I would like to ask the lecturer whether the 
attachments to the trausverses may be considered to be rigid, and to what extent the secondary 
longitudinal bracing is initially stressed, if—as is presamed—no slackness is permissible in those members 
which would normally experience compression. 

This has been a most excellent lecture, and has been delivered at a time when not only this country, 
but other of the great powers, are beginning to realise the great functions which aircraft might perform 
both with regard to defensive and offensive operations in war, and national development in times of peace. 

It is, perhaps, too early to prophesy as to the future of airship construction, but this at least may be 
said, that notwithstanding failures which have been exhibited in the past, great progress has been made 
in a real endeavour to place this type of structure on a sound, scientific basis. 

In this Mr. Wallis has taken a leading part. and Tam much indebted to him personally for coming 
here this evening and giving us the advantage of his wide experience. 

In conclusion, I should like to say that it is particularly fitting that one of the principal 
representatives of the Committee of Lloyd’s Register should be in the Chair on this occasion, and I have 
much pleasure in expressing the thanks of the Association to Mr. Glover for presiding. 


Lizut-ComMANDER ©. D. Burney, M.P. 


First of all, I should like to thank the Association very much for giving Mr. Wallis the opportunity 
of putting his views on airships before you, and Air-Commodore Masterman for having paid a very well- 
deserved tribute to Mr, Wallis, which he most thoroughly deserves. 

I thank you for asking Mr. Wallis to give this lecture, because I do feel that the airship has a great 
future so far as this nation is concerned. As I see it, we are to-day at the turning of the ways. In 
order that our great Empire may continue to prosper we have to create and maintain close communica- 
tion with its outlying parts, and hy speeding-up our communications we can do much to cement our 
intimate relationships with our brothers overseas. Also, so far as commerce is concerned, we can, by 
speeding up our mails, &c., be of the greatest help in the development of our trade. When we turn to 
this problem of air communications we do, I think, feel this. Great weights need not be transported by 
air, The problem we have to face is the carriage of mails and passengers in safety. If we can get 
adequate backing for this purpose from the great commerciil organisations in the City, it will, I think, 
force the Government to foster the development of our air communications in a practical manner. 
However much work is done, unless it is lubricated with the gold of the City, nothing much is ever 
accomplished, and no Government will ever do anything unless they think they will get votes, or unless 
they think the City demands it. The voice of the City has more effect upon the people of England 
than perhaps the votes of any other body of men in the country. Therefore, we people, who are working 
on the technical side, feel that if the eyes of the City are to be opened to the possibilities of this form of 
transport, the desired result will be achieved more effectively and more easily by the technical organisa- 
tions who are in touch day by day with the City than by any other organisation in the country. 

It is for that reason that I not only look upon this meeting to-night as one which may have been, 
and I am sure was, of great interest to those who are here, but I look upon it as a valuable but indirect 
means of developing the wealth and the prosperity of our Empire. 
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REPLY BY THE AUTHOR. 


I feel I must apologise for having taken up so much time to-night in lecturing that little opportunity 
has remained for subsequent discussion. 

In introducing you to a subject that must be comparatively new to many, it has seemed better to 
cover as much ground as possible, leaving detailed explanations and discussions for a time when, perhaps, 
some abler exponent may have the privilege of addressing you again. 

It is regretted that at the present time reasons of policy prevent full details of our new methods of 
construction and calculation being put before you. 

As the Chairman and Mr. Watt very justly conclude, there is no practical possibility of the airship 
developing into a freight carrying vessel. We have no intention of bringing the owners of our great 
shipping lines face to face with ruin and starvation ; even passenger ship owners may breathe again, for 
there can be little doubt that if only the airship can be applied to its proper function, that is, the 
transport of business men, urgent mails and so forth, not a transference nor a decrease, but a development 
of sea-borne traffic must result. 

Dr. Laws has raised points of a highly technical nature to which space forbids a very complete 
answer. 

Regarding factors of safety, a modern hull is stressed for every possible combination of static and 
dynamic loading that can occur at the same time. Of the two types fob loading is by far the most 
important, and adequate factors of safety, comparable with those employed in other branches of 
engineering, are now insisted upon for all conditions of loading. 

The transverse frames consist of regular polygons, whose circumferential members are formed by 
triangular lattice girders, each corner being braced by a wire tension member to a central point within 
the plane of the frame. The assumption that transverse planes remain plane, usually made in connection 
with beam calculations, does not hold good when dealing with a very large, flexible redundant structure 
such as that of the rigid airship, and it becomes necessary to replace the comparatively simple type of 
beam formule by elaborate and lengthy calculations, based on the principle of least work, in order to 
obtain a complete knowledge of the stresses caused in individual members in shear and bending. 

The methods originated by Temple have now been very fully developed by him, and their accuracy 
as demonstrated by actual tests is of a very high order. 

It is not usual to consider that any appreciable degree of fixation is obtained from the connection of 
the longitudinal girders to the transverse frames, the latter being themselves relatively flexible and 
incapable of affording rigid support. Although, no doubt, theoretically a considerable increase of general 
stiffness may be obtained by initial tensioning of the diagonal members, we have found in practice grave 
objections to this device, principally in adjustment to the precise tension required in each member. It is, 
therefore, customary to leave the diagonals just hand taut. Those members which would normally 
experience compression are then assumed to be out of action, the reduction of redundancy and freedom 
from the possibility of errors due to mal-adjustment more than compensating for the loss of advantages 
obtained by self-straining. 

Turning to the remarks of Air Commodore Masterman, I would like to say regarding his reference 
to myself, that an airship is the product of so many brains and hands that no one person can be given 
the credit for its success. 

Water recovery is certainly an open question, and the accumulation of reserve ballast is a very great 
advantage. It is contended, however, particularly by German pilots, that the engine exhaust gasses when 
allowed to pass freely into the air without extraction of the water vapour, which forms so large a 
proportion of their total volume, act as a safe and valuable form of brush discharge which automatically 
deals with any static charge of electricity acquired by the ship during flight. 

It must not be forgotten also that, in order to cool the exhaust gases sufficiently to recover the 
water contents, an amount of heat must be dissipated comparable with that already accounted for in 
the circulating water system, and to achieve this result some form of radiating device must be employed 


. With its accompanying head resistance and consequent loss in overall efficiency of the ship. 


All airship engineers will be in agreement with Wing Commander Cave-Browne-Cave on the subject 
of the airship engine. No doubt the full Diesel type of engine is the ideal to be aimed at, but the 
experimental ground to be covered is so great and costly as to be beyond the resources of any private firm, 
and this matter is rightly being dealt with by the Air Ministry experts at Government charge. 
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Commander Burney aims at the production of an engine of absolute reliability, and the hydrogen- 
kerosene engine seems to offer the best chance of attaining our object with a minimum of delay and 
experiment, 

Mr. Stocks has placed an interpretation on the statement regarding recognition of the scope of the 
airship by the aeroplane personnel that it was not meant to bear. No one suggests that the airship can 
replace the aeroplane, but, on the other hand, no aeroplane can compete with the airship on a non-stop 
route of, say, 2,500 miles. This fact is recognised and endorsed by all who have to deal with problems 
of trade route survey (where, as Earl Beatty states, ‘one airship can do the work of six light cruisers ”’) 
and Empire air routes, and recommendations have from time to time been made by commissions dealing 
with the subject to the effect that for long distances the aeroplane must be regarded as auxiliary to, not 
as competing with the airship. A study of the technical difficulties will show that we are never likely to 
attempt to combine the features of heavier and lighter than air in a single machine. 

It is not generally realised that, unless a ship is at pressure height, no loss of gas results from 
expansion and no permanent change in buoyancy from either expansion or contraction. ‘There is thus no 
necessity for the introduction of any form of temperature controlling apparatus. Arrangements are made 
to maintain gas temperature as near as possible to that of the surrounding atmosphere, however, by 
permitting a free flow of air through and around the space existing between the outer cover and the gas 
bags. 

No provision is made for stern mooring. All modern experience tends to show that this device 
would be quite impracticable. The remedy lies in making the bow tackle sufficiently strong, and 
duplicating such parts as are liable to damage. 

A table, showing the leading particulars of some British and German ships, is appended. 

In conclusion, may I once more express our sincere thanks to the Chairman for his kindly welcome 
to us on this occasion, and to the President, Committee and Members of the Staff Association for the very 
helpful and encouraging interest which they have taken in the cause which we all have so much at 
heart. 
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LLOYD'S REGISTER STAPF ASSOCIATION, 


ANNUAL MERTING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Monday, 19th April, 1926. 


Tne Present, Dr. B. C. Laws, occurtep tHe Crain. 


The Secretary read the Minutes of last Annual Meeting, and these were duly adopted. 


Reviewing the work of the session just completed, the President said :— 


“The Meeting this evening brings to a close the programme for the Session—the 6th since 
the Association was inaugurated. 


By the Articles of Association the President, Secretary, and Members of your Committee 
retire, but are eligible for re-election, and you will therefore be invited to appoint new Officers for 
the coming Session. 

Before asking you to proceed with the Election, I would like to say that during the past 
Session you have had a Committee who have not spared themselves in the interests of the 
Association, and several matters have been discussed from time to time with a view to promoting 
its status. 

On behalf of the Committee, and I believe of the Association, I would like to take this 
opportunity of expressing our high appreciation of the untiring zeal with which the Hon. Secretary 
has carried out his duties. It may seem on the surface that those duties are not very exacting 
considering that the Association is relieved of the responsibility of cost of maintenance, and that 
we have the advantage of holding our meetings here. Apart from this, however, the business of 
the Association is identical with that of other similar Technical Institutions, and involves on the 
part of the Secretary, a considerable amount of time and labour in organisation. That this work 
has been carried out in an efficient manner during the past six years I am sure we are all agreed 
upon. Our best thanks are due to Mr. Thomson for his valuable services, and I hope he will agree 
to continue in Office for another year. 

I would also like to place on record the satisfaction which we all feel in the support and 
encouragement which the Committee of Lloyd’s Register continues to extend to the work of the 
Association, the principal aim of which is not only that the Members of the Staff may be able to 
discuss among themselves problems on matters of professional interest, but that by those discussions 
the work of the Society may be improved. 

Looking back over the work of the Session, I think there is cause for satisfaction. Papers 
have been read and discussed on subjects of importance to the Society and will form a valuable 
addition to the proceedings as works of reference. 

The public lecture delivered by Mr. B. N. Wallis on “ Airships” and which this year formed a 
special item of the programme, was greatly appreciated, and we were favoured by the presence of 
Mr. J. Howard Glover, the Chairman of Classification, who presided at the Meeting. ° 

Due to the fact that the proceedings are circulated throughout the world wherever the Society 
has any representatives at all, the influence for good must, I think, be immense. That this is so 
is proved by the letters of appreciation which the Hon. Secretary has from time to time received 

rom the Society’s Surveyors. 

The work of the Association necessitates that all Members should maintain the lively interest 
which has been so well exhibited by them during the past six years, by contributing papers to the 
proceedings and alternatively by entering into the discussion of papers contributed by others. 


The subjects which may be profitably discussed are many, the problems in design and 
construction which yet remain unsolved are legion. Frequently we meet with Technical difficulties 
for which there is no recorded solution, and which have to be fathomed by a careful application of 
general scientific knowledge or practical experience combined with common sense. From time to 
time questions of practical construction arise which require mature consideration. Many of these 
problems might be considered at leisure by a process of enquiry or research, instead of waiting 
until the necessity for such enquiry arises, and I can think of no better channel through which such 
problems, in theory and practice, might be ventilated, than by reading and discussing papers at 
these meetings. 

I therefore appeal to all members of the Staff, at home and abroad, to continue to take a 
keen interest in the work of the Association. During the past Session your Committee have 
discussed from time to time, ways and means by which the value of the work might be enhanced, 
and the Secretary has invited from all Members of the Staff an expression of opinion as to how 
improvement might be brought about. 

From the replies which he has received it is gratifying to know that there is general satisfaction 
in the work which the Association is doing. 

It has been pointed out, however, that where it is possible to do so, contributions should be 
kept reasonably short, ostensibly for the reason that the proceedings, as works of reference, would be 
more readily accessible. There is also the expense of reproduction to be considered, and I think 
this should be kept in mind. 

With reference to the coming Session, there is every prospect of producing a programme 
which will compare favourably with those of past years. 

The paper on “THe Survey oF Woop Suips and Yacuts” which was to have been 
given this year by Mr. G. M. Shaw, has had to be postponed on account of the author’s absence 
on duty, but will be the first paper down for reading in the new Session. 

In conclusion, it remains for me to thank those who have helped on this work of the 
Association from time to time—Mr. Manley, who gave us much valuable aid on the occasion of 
Mr. Wallis's lecture, and those gentlemen who have had to do with the printing of the proceedings 
—to all of whom we are greatly indebted. 

We now come to the important business of the evening, viz: the appointment of Officers for 
the Coming year. 


The meeting then proceeded with the election of Office-bearers for the new session, and on 
the motion of Mr. J. W. Dimmock, seconded by Mr. D. Gemmell, Dr. B. C. Laws was unanimously 
re-elected President. 

In acknowledging his re-election for a second year, the President remarked that he wished to 
thank Mr. Dimmock for his kind remarks in proposing that he should continue in Office for 
another year, and the Members of the Association for supporting the proposal. 


During the last year he, together with the other Officers of the Association, had received from 
the Members generally much kindness and courtesy without which it was quite impossible ior real 
work in an Association of this kind to proceed. 


It was a pleasure to preside at these Meetings where important subjects were discussed in the 
most friendly manner, and he was glad to realise that not withstanding any shortcomings on his 
part the Session had been attended with success. He was sure the Members would extend to him 
the same generous consideration for a second year as they had shown during the last Session. 


The further appointments were made as follows :— 
Hon, Secretary - - - - - Mr. W. Tuomson. 
CommiTTer, Lonpon : 


Messrs, E. W. Blocksidge, G. R. Edgar, A. Ewing, W. D. Heck, J. S, Gardiner, 
C, N. Hunter and M. M. Parker. 
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